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! <UJ| 


^_Lc J al.tij <_5 jJlj ^uUjjAJI «-tja.j.fvll oLu»L^I jj>j JjlSl! *_>lJi£L!! |jj» ^>jaj 

J_£ J_ib j iJjl>%aJI (JiL-ilj iJisSl I ‘^>yi US^ i i— il^^ll j* jljjaJI 

ilajl. .i*j| ^5jUJI SjjJ Jjjj </J i— ib JS - j£ < 11 ^1 iiLoVlj i_jL 
4jJJaJ i_JLc OJiili I jj (Jj-clsOLU 4<i^j SjjSj jjuuu v_jIoS 3I Ijjbj . ^luJl J.wa.>uJlj 
J»-ljll j LjJLkJI jjiIkIIj v^j LK JI iyt L^JjLoj Uj i—jlfJI c ^ji*JI oLiSJl 

^jic Jjj (__5 jJI ^*Jl 4jJHJl 4j*jJaJf jA t-jlSSiJl Ijjk JJJLHJJ . I 4ojmL>J| < L > j aLo J I 
4_Ll» «_5 jJI ^1 . ul JS Jib (_>Aaj 4j1c lJlo-o! ji i_jLiSJI |jj* <jl 

4j*JJ I j v_u5jjJI ikl—o v__j L jlSU I liA j J>i3j • Cy» A*JI I i> Jl J*oj 

. JUk 4 j SjiJ! ^3\j jjie !»Uu J$-JI t— >jLnSlU JsUi>^llj 


<UJuj^ J£ ^jj jl j Utf » Uj LmJju jlj Lt»U Uj Lmi-u jl jL*j ajjIj 






(1) 

$}X 43. 

<u>4 

<UJ&4 

(jjj ulijj_»JI <-lj» L i < ni ^1 p L^jLp ^jJI (j— p' ll iljijjJI <OjjJl ^kl)l cjuui 

JLJjJj 5 Lj U>jl n VI "Jj ^Lij ^fj ujy^ ^ oj ji!l ci^ljjJl ,jl fJ LJI 

(jjJJI j_u «-Lii*JI |» ...i'll j_Sj . 4^LuJI ByiLi* y^ill yfAlyjJI Oi J.»A«I 

j>j 4 all t diljjJI Jj_>j » j . ».i : Jj'Jl p j f all < ^aIjU JjS Jl £-<ljJI 

^ , «j.it>ll ; dJlUl <. Ji»j Ljj i 4^1*111 (jU jUip“J! ; ^jUJI 

. i_J4Ujjdf ^jJ-6 yLjSJjJJ tSbljli 4 jJfyL*jl pA tUi«JI t'J jAj liiljjJJ 
JjjJI jjjjll jlZtuI ^L> JLiljlilp'^ll OJA yP 1904 ^lp J|J_JI Jl>j 

. «-L»L«JI 

4_ijjJI yP Aaiojlj <Ujju 

Jl £—>-y cjljjJI j >. * ! ; «..< Ijjfc OjjjLo jitSj y* yj£u ojLs J5^ yL iliLill SyliJI 

ySu^ ^ SjUI yl y*uL»JI yy«J| j JbIjAJ^Jj yl^*_jJ yUUI £ylSf J®j . ^UjJI J* a*JI 

<..t K.l l o j — aj . (atoms) ojIjUL c > , »«■■» SjUI) y lj . Ojai-o jilSj Jl 1 ,^.«j,«.<zj 
ojl^tuJI bIaj . Lf^LoSJI y5Lij 'll (jjutAJ (atoms) i-uU^JI 4_aJL5iJ I y* <iiiu> 

^Lp tjJI Jlj — > 11 a jaIxI j3j . < L i l .«n.ll 4_ijl>Uj| y« y.L«l Jjic oj.ia ySj |J 

U£ Cl)ljjJI J_^>j ^lp (1704 — 1661) yj^jj jIawIj ,Jjjj yjj yllUJI ylpi l Jx>- 
^>j-*l (iUlj . 1808 — 1803 ^1 p jaU ^Ip Jl>JI Ji»j . ^ /K j >£Uj Jj 

4-JjL>< 3)I y A «. ! *i3 j <— ^jisuJI 6 1 a t ~i>>‘ i (^Ij <djill i^JauJI u>^f J ^JUI Lfifi 

oj Jl <L^jlaaJI el_A Ojl L*S^ . ^JLcLalllj JjulUl iwUaall y^lji Ji» CjL>-b.u.^ > j|j 

BJ-P J jj lr> Ij-Z^ j i ■ «** 5jj_fiJI fil_A y£Jj . (_5jjjJI JjjjfJI j y-tflUl 

^Ij^jJIj Bjj ^Ij^jJIj 4 (ijjlll b* irfJLp ‘bfcjJ *i41 ^tAli* 

_ja SjUI yj ^l^> jl Sjj ^ly> j ±>y ,_yjJI jl oljill jjp ylj (Jja) 

.6.02 x 10 (. 5 jL«^ yitj (N) jjjLj-^il jjju U y>j jljll > •*■! liuUjIji# 
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(jjjdlj <jj£Jj 4 ^^-Lp jl_^J II J£ IjJiiel »U1*JI (2>» jj.xP (jl L*5 


4 ^L^oSl!! jjjll!! <jjj!j3 *0^1 i^kiJI jjL Lis’ 4 iDj (j* j*j! Jl <J~°y 

(^L/Slj . j-alUJI ^Jm! SjjJI *Ju£J <LJI Jl SjLA^Jl <b~/]y> Ijlj-cuU j ydj £~£j Lijlj 

: y> (j^lJlj A^feud jyiljSa^l 

US oljjJb Clj JW ^ylJlj 4 , jjSjjJI 4 »tv*‘n 5 j£*-o oli,to> 'jj jjAU j«oliiJI — 1 

. 4iil»wt £jJjJb 4iil>J! j-aUuii! 4ii|jjJlj 4 4^jLii* (jbul oljjJI y> jl 

. 4_j5lj*jSJI cj^Ip L i *t | j LfJjjj- ^fjjJd jjjJ^Ij 4ii|jjJI J-os — 2 
j*o LUJI jj>L <LoL>Jlj Sj jJI (jl L5 Lfibij jl Lf2ji>J ^ ^IjjJl 4 4U jLcliill si* 

. j U >mS Ijj J| JZJuu 

(j_» ji_£l jl <jj— ^ ^Ij jJ 4 j^SJj 4 jl >i»J ^iU "llj _y»L» : 4jM j « j& )l 4i*USJII — 3 

, 4-JUa'Jl j-j ■ < 4iuJjj oljjil £^jj| (juju l5j!»o 4_j 5JI| L*j|jj . jmoLxaJI 

uu£ jj l^J 5 ij jJI (jl Jl Oji ^jJI <Ujyj4>oJI JplibJI 
jLjjJl 4-,uS <ji Jl (i J l * 4- >A4j5ij I uiLiu^l — 1 

(jjyi <ji L»5 . (jjjSil'ilj 4 - i j A^/ (_jjJlj 4 ' | .W 4 L u < n LuJj4 L* J -o_jxj j*j 

yjji . (^IjIjUUj L^Jp j*p j5j ijjj^lSJI yj 4 j « ^) l fjJu J* » « j 5jl» l 5^I ^ilill 

.(^IjIjUJI <>P jjf*j F 4(jjjSl _JilS[3 yt n <jl i t i j.* ) nF L*jjj ijjjj^JI 4jj5 SjU 

j»Lc jJfobj (__^_j_jJ^>- 4_jj^o) 4i»ljl»JI J^L> ^jj^jSJI 4_iljJ (jp — 2 

° 4j«-il 4~i « J I JJj . 4j _»- yt <J j^lj 4 jJLk 4JjUj..i , v <jj (j^Suu SjjJI (jl ^-aj| (1859 
j JU>\ toll 4_»jjjj SjUJ JljJbj (Jjill 4, J | t 5 jjjl 4— iljJ j L^iLloifl Jj»j ((jjfoujj 4»«jtl) 
4_JjUi* 4j.a jh U ajjj^ ol>^< (jP SjljkP (x) 4ji_tl (jl 4*lj>) (_$jj jJI 

.10 — 10 Sjljii l j s ry I 4 J 

(J-j 4 _jl.a 4 .il 47i.4« l >l j»^jjljJI JjU : ^ » w> < jp <u>jl>JI oUUui^l — 3 

: 'ij ^ U Vr>ll »i* 

(a-particles) : U)1 olm> - 1 

. 4_jjJ/jjLj j_lj5 200.000 Jl_j_> Lf l o-jj (jjjjj (jjLju ^jljP oljj (j^ fljLvP 
i.^ySi i> 04ji_» Lfilji>l (jSbj 'j 4iij>. Ix>. (Jjtwd ^L-P-Sl (^Lp 

.0.1 cm LfSb_ 
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((3-particles) llu oUa*> - <_> 

Sj3 (jj 1845 : 1 (jjl~»j iJL/ 4. t>w .J « ol,ij„i> jp ojLlc oi*j 

^l — .i * -*j| j Le Ojjill l$Jj . tj«iJI ip ^ (jj t ^~c j... y jMU U 5 ( (jjjfc-jjJ^'Jl 

. LaJ I CjI » l u j. > Ji* oljUll (j^l3 ^jJLp Sjjill < a.j « .^> L 4 JI U5 


(y-Rays) UL* oUu> - _> 

1 

'Jj ipj— < LfJ j » C l. ■ . U j loA 4 ! CjL»-_J* (jp OjLlC ^yPj 


^uLa> ^jIp LfjL>-jj J jL <j-j *>11 jl ^y-ajLLlill JLkaHj ^ilaj 


Black Body Radiation phenomena <LpIil£>)H f~oJI 5 j-slb - 4 

0 j_a tl)L*-ul J.> «« (jl o~>jj cjUL*— ij 1^ ,‘u h*)«ju aii-LJI j»L_c>'il (jl 
i>-jj ^jJlp olpLci^ll ejj» oJl£ Uj . 5jlj>JI i>jJ Sjbj £j> jljji voLpLti^l 

A ..a *i j» . .. ‘vi j i t C. »"u»~ L$j| ojj-j fjJj . ^y *■.■» * l$Jli SjljjJI 

. »,. l «».»iiil (jj ^ln-i^l i^LuJI OjaIIu ^ijj£ vilijJ 

o^aUaJI — 5 

k->^ * j La (jjL«l! p»l A.ijm olb jj UxLp 

j_* ^j_5l (v) £l* i^l jjjj <j^> UjlIpj ^Jx-JI lia (jj oLjl>jj 4jua ^1p coLjjjlSij! 

sLjl-jI L*^ Photons <jyji)L> SytLiSJI 0 j P j i~ A j p JA3 , (v 0 ) 4.nm 4j^3 

. (v n ) i3lkj <LaI * j£& ~<£>yo ^y> Ojj_o j <«oLauj| pjy <^«aJI (jl t *, ij •> (jjl~.,t V_ij 


4.j..u^»liiLpj I C»LpL*-i5U 4 jjU( 4a^L>Ji — 6 


Vn (j-* Vn 4 j 5 U» OjLxj (jp J j . -fcj <jli U ^h..».> (j^jji LiJuP 

(ji (ji 1922 (j yjxt £ y> SjaUsJI ojj* Jjfw (jj Jjlj . ^Lvi^ll la* jjJj j£*jo ^yJuw 

. <,uol>- L^J <j|_uL LI aj I oLpIaw'VI 


(Rutherford Expriment 1911) 1911 j jy jjj 7 

4-Jufa Jjip LaJ I Ci[tj.o> (jj L> (j^Ld ^yip ijjP»o CJjlj 

. (^LauJI jl 4_aiJI j| (jaj^UI jl *_>pjj| (jj ^ 0.4 dlaua jj Ia> 
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( 1 ) 


Q^-» .i ! jJ j_>j| (_>iuujtj AidaJI OJJ* jjlio ol ».j.<».>»ll 0 jj» ^tuu ji Jx>jJ jjj 
(joJu ^j-Lc j_5 ;j_>l Sj_j Jj_uj (pLb^l ( j_Lc j J.’n r ,S-„.H 0 jL*j (j# 

LajSjj SjjJl ! ' ...>■> (jl Jjji jjj j L ii. .■». ' (jj US' 

<j sjj— < j SljJJI jjj-Jj S jjJI ^ ^ Jam (Jj»« i~ (jlj (BiyJI 

. l$Jy> Sjju Lu j 

(jjL-J tS>i»3 jt 3jj (jl jl_) . Ljj^ iJ jlxxa SjjJI (jl 

j—**i ^j-S-1 i_I jlxij oi j j—^-j jij . cjbjjjjjJlj ojUjiyU'Jl yj 

(j.» ^L*i) 1932 oLjjjj^uJlj Jl-u L*^j i~t tit,,! j_ij . 1920 Ojj_l) ^ji£J! <ii£JI 

. James Chadwick d^jli 

1897 (jjjiSJX] ( — ) AjujjJI ^uuj hi # It <buil j^\^> 

m 

e .... 

4 l l j>£ Jl 4 _Jl»w 4.1 .n il 4^JJ-«JI <. « j ill (jjjAj (jl (jj^ujL clki-il 

m l ~ 

L*j»o»-i (jJL^jj <Ljjjjl j - kx^ - l l ouii jL<j ijlj^Jl ^lju>cu<l iiu*ljj 

<jjj~ ^1*^1 <.L>w OulSj (c) ( h . l 0 1 1 Lvii) AJl*uSJI 4 jJL< jilij <jj jLu Ijj 

JL^j 1 ^ .Jg jjLcu n ^Sj- . n Jx_» oL>ul j (G) <-£■ j~i *ij (m) (e) > L i - .. > JI) 

jl — ji j oUj ...«>-ll (jli . Hev b»j|ji» ojJ^ll S^ill ojiAj (U} <jj-i 

^^-Lc 3_ij5JII ojjLLJI oj_5Jl (jjLdu ^,i..i L ilnll«il o^aJI ojla A i j> (r) o jJai iJ^-u l 5 jaIj 

j^J^I — (A) v-ii > ^ll jjj^fiLII JUkaII ki>jl>JI iw>jl>o3l UUu (jj_jSSJ*Jl 

m ,,2 

mv 

Hev = 


ijSJj t (H) Ajjut JI>j j jj->J ItjJLc Jajufll jLaj (r) tll>u[ (^LJ (jSL^j 

e ... . 

( ) (j^oAj (jSLiJ (v) <Lc_y-JI Jijju »U^ Irfui 

m - ‘ 
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1 *jja*ofca ( i) 1 

jjJLc (JLkjJ) jic JliLiuj (x) Ojui JLvj ^ J>-l..t L >. >ii) jJ 

t fcjZjUfcll Jx>JI jAj ft J I ■ - ■ Jl jjjjSJ'Jl Jjaj Lj u rt^ j (Xe) >JAJ 

: ^,JL*uJI (_sjL-»j UjIpj 



Xe = Hev /. v = X/H 

— - X/ H 2 r 0 * o»o* 3 ) 4 j (X, H) <> J 5 (uJ t>*j 


m 

8, 


yL IjJLc 10 x 1.759 (, 5 jL*Jj jUJI yl5 Uuf4 ijuli 

. 5jJLs >ji.aj1 

(CJjjJI 9 ijja$) — : 4iiWI (jjjjuSj'i/l <Q>A Jjj£j 
<LukI^ . iilkll yjjSSJ'il iiavi iil£ (>* pJL*JI (jSL»3 1909 j 

. (2) JiL-JL chhII 

pU»P 




Sprayer 


Light-—* 



Millikan's oil drop experiment. 


jjjjSJVI <j»A ^LSujiJu* (2) JSJ> 
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(jjJui* (j-j (Pi), (P 2 ) tjajly* u **■>! L#i>laj 5j^> jl$t*J! o^hi 

LfJLklju U*lj Jit ..>$-» Cj|j 4 ^jILuj Ia^JLcJI <k— < !_^1 U$ law (^SLajj 

0_jja9 J . . n >0 *Jl#j . I.X> BjjJLe OyjJ! (jj Cjf^jks 4-u ^_^>o . ((jij) (jij jlft* 


Jsl>-^IJj c (^ij ^Ijil! J Ji--Cd t5_jUf * ><~tll J^L*- j*ji oji^JI (jj BjjjLo 

J—^jj wll j > ■■ * Jjjk jlkJU J^-^ <jiJI ■>■ l ^ioyu* i!L> o^kJI <c£J^ 

jj_ib i o>j ojLall cjLuJI kjIL-J |»j^Ut ! i_>Lk> ^X> E <L>oj jic m^-> <Ju, 

. 5jj>oJI Jk-b jy^il Mj-oj'jl ijjjl»JI <Lkc 

: jy ^11 kiiljjlU tO-JaucJ l$Jls 5 jJk>JI Ji-lj 4 ^,'ij. J I ijti'jl (jj ijjjv jljjl JjlCj 

L»l ciujJI Ojisj 4 — »,«ullxJ <JLe ULjjj . <LJ L, (j jJvij olijJ JI <j yjjj 1$Jl» 

J ._>.«~ijj jJutj . wjJLJI ji i_jt>jll l$-»l 'k.<->l i. ,!-.■>■ ^Lt <LJlw j| 4 jl>-^< 4l>w 

Ji-»i ji JI Ijl—U ii-li-. Cjj^JI S^^kS jjl» JUI J.II j ^yj^SJI jljl)l 
ijSju Jlally . (Pi), (P2) oi-t».^Ul • JL>v*JI £>-J £y l*Oi»vi 

^_lcj . ijjjl>JI <L>vC el>Jl ^^Lef JI 3 ^Jaill ^jJJI (>»j3l k— >L*a» 

i_iL^c J 4.._uAj*j| ^_jjjl>J| jj_jb c-i— »«.~ i~ ilj Us It yl j„>,„i l« »j_o 

, 5-u jl>Jl <L*vt (g) t S^Lill (m) k*aj>- V 1 — King ^jj^iLII JL»mJI 

<£-j — • (_>-Lj3 o Oj— ki jjJLe kiuU jlji» (K) 

: ■Lu'Jl JJjIjJI yj V 2 <kw tiujJI Sjkj 

V 2 = K (Xe - mg) 


(Vj) a ,«,.,.« 2 ,, i j (e) Sjkilf f jLz ej^jtjil 4jk>viJI c ^^SLH Jl>kJ! 3j-i (X) ^‘jj> 

: (V2) ^ 

V, / V 2 = — — — 

(Xe-mg) 

tj-tj |»_j-J_j 5’ 1 .602 x 10 19 (^jLo l^Jl j j>j jJj (e) i_jLju> ^SJj Jlillj 

-8 6 

4 _ a. > 5 1 »L>^»- (j_ 5lu 4 »j»- 1.759 x 10 45 5 i<2Jl ( — ) 4-»^s *— »L**- 

1 1 - m 

. ^ 9.11 x 10 " 22 (m) 
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I (1) 

: IfjSjjLa olijjjuJI { jai u 

Ijl^j J»>»j J_o jj j <kij jj# Sjl>I_jJI oJlil! j j4J ^yjJl jlji» y> 

. jjjj! Jl>Ij <I*ji Luli 

jjj ~i *0 *^1 <J3^ 4 1.67 X 10 jj__»jjJj}U j^__jj^dl <135^ jl oo^j jjj 

• i 52 

ja jj15j J5l <5j#«j jJl£ jl jjSLJI J-lC jjjjiiJ'il ^0* 9.107 X 10 

. I <Lt J~J 

x$ -»JI jjj j*iA3 oi# 1 ^ ^3J! iiUaJI j# cjLe : oJjj jjjj&JI 

. ojp Jl>Ij jlaioj 

-UxL.'il OjjJI ojU^£j 

. 1- <3i*vij ft 9.1096 x 10~ 28 = - 1 

1+ 4ju>vij ft 1.6726 x 10 = — 2 

. jA~a <CuL»vij »>■ 1 .6749 x 10 = (jjjjjxill — 3 

oU>wAJI j j_p . (z)^L <J j<jy : Atomic number tjjjJI jj*JI 

vil_Jj5j OjjJI ol_y j jo# j^lc oa»-_jll 

. LjUj^ mJjUiII OjjJI j oUj^pkSJ^fl jj# 

0 ...1HI jjljJI JJu^j (A) jjjJU <J : Mass Number i^jjJI jjjJI 

. OjjJI SljJ j oU_jjjj,uJlj oljyjjjtL! 

• • lijjJI ao>JI — i5j jJI jjjJ I — Z — A = N oUjjjj^lJI jo# .'. 

Uyjw L^Jjj »^ JLm (j,y3j» jl cm Al jajJL 4-i-oy SjjJI jl L5j 

jjLSJI >Ll»i jjjli j U£ j.. rt J «l l lj-f! ijjjJI jj-*1I_j iijj-JI jj^J I j* J-£ 4,0# 

Naf , 3 , Cl 33 

oliSlallj ^jUajJI 

> j <A ,.*i.~j j«gi_u»ll (j<i .«, ) jl J_>j J_Zj 4 1 JsLiuJI <L*ljjJ 4 a-jli 

L^_ Jl HI (jjjJI jj^t ^ j A^cU-S'il 4o«el>J! jl <13501 la# L» y«l_j>JI 

• t3jj->JI J jlill fjaij l^Jj . (.jjjJI aoJI yJij ,i>lj 
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^jlill (jeL&ji] "Jl jaLj 207,2 (5j^h *jjj oeLo^il j-ole- jl o»j jii 

J ,jl Will j_4 >j cjl) jjJI jjj-ll 206) jjj-j c £—4 j4 

jSUaull (j-* >_i .»51l jjJ» Sac JUaj . (208 jjj) pXJjcU 


. IfLai dJjSj 

. OyjJaJ! j SJjjkj 4 jukj utuCu Jlj)l£ jjiSU jjjj ! yL»> j£L»jj 

Sa>j 35.45 = 0.24 x 36.95 + 0.7553 x 34.97 = jjlSU .jjjJI jjjJl 
Unit atomic weight 

■ . 1 ■ '< Jj °T y* Mg ! 2 jj.l>*>)l jl J >o MJ ■ ■.'*■! j l_f.,..l y-> l_*£ 

2 jj_>-jllj Mg ^ jj.Ktllj 13.10"/ Mg^2 jjiijJlj 78.70/ 

. 25.98 t 24.99 t 24.99 ^ ^jSJl ^ JsSU c*^ 11.17/ 

Avogadro’s Number jjjL>yi jjp 

ji c5j->- (*Lr-^ ji 5 jj (>!>>■ J ji oljoJI JOJS ji (^1* 

cSj! *j j_»j (N) jjjl— >j*l jxaj i_i U j*j jljll £j4J»J oulj jlj ju SjUI jj Jj» 

j,.. » joc jli j ytjS j 4 6 jl . Jj4 J53 6.022 x 10 

.(12 = j yjSii (ijjJI jjjll ji *!**>) Sjj 10 23 x 3.011 = 10 23 x 60.22 x — 


(JjjJI UuJaJI 

ji #jL-U jlj Jj . t l« J}(_> £lfci J4^ Ujic ^jljJI j* 

Jjt jjj 4j>jll Jjt ,_ylc ji JJ. M « 1 I J,tll Ojlj jl jj-iuil Wljj JJ ^ l ^ * ’ 1 ** j- 4u i! 

. (J^jlaJI JjtJI j4 jlSl jJ-oSJI 4j»-jll 

olj ol_*.jll j_4 <-Cjl> i j_4 jj 5'j (_> 41— u*j| tj_oJI £uci jl Lojf pjlxll jjj 

£-jJ ^ Lc Oj ^jL>JI J.UM .J.I j J j . t >. il I »J_jJI lift jlj4| jl*S . Jljbl 

(jj j.} j I tS Contineous Spectrum \&y£ ^y>- jy>yj luii ^ L*>- 

Sjl _4 jL>o ji jLc jj >■.. oj jlJlcj , Band spectra ^ ijh jj _ >j ..»(> L* j*j ^j 5 

j _4 (J-Jj-O £l«_i Ja_>-^U LiSli (jiJ+S ji jjjj ^-wuou ^loiCujb ^LijS’ 


- 14 - 




(i) 

<t Ay O yx «J» o *j p_J jj -**«H Jbt__> aJI ^JLo— JSj ) lift jj I j l_j OjL_ll 

J -a>J Luli jl^jjpi £>1 Jj23~>Ij (^ Jjii-lj S-,ja 

. Line spectra 

4 pj—jJj.tfJ! 4 (j^jfcjjJ^I ( J_jL» 4_i^iL»Jl i ■ 1 1 olj j i«JLJsi ji Ja — jjj 
L>l . j_u^JI J_l» 4 1 j3*1 ) j LI i^JjjCj ^-olj 1^ 4 

. ^.j-xill 11 a j j»y ^ 

j j— >■ _y yi j-*y j-l^i j^LLJI oL^ti ^j—jj <j-SLj 

ij_» jjj' *0*^1 J22i,j LjJLaj . oLL^| (j aujJ jl jl j_jj 5 jj jjkj Silt oI ^L uj 
L i _yu j-djL (j~cj 4 4ijLAL_ij ^-Ai jt jj^j— £J“il (jli Jl Silt (jyi-*-* 

. 4jj*-jI*JI v_j yjjJj SjjJl 4 ..j^SjJ Sijju (j£jl L^ju^Iaj L^LiJI 

Electromagnatic Radiation 4.j..4jM Vi <U~»^llLjj^iSJVI ole Lib VI 
SjjKJl jtlill oIa JaxU L (jjjj (jj Sj L t jtlL bj^ olcL-iSl a 1 a JHAJ 

V 

S^ujlf 4 Infra-red »lj_*>JI 4 =j_*j 4 Radio Waves SoaIIVI oUyi S 2 ku 

Sj^-^llJI j^_i oL_>yi 4 X-rays (X l« li) c>->LJjj L«-ii ‘ visible rays 

/ 

1.J....L cjL— SI^a j JjaCu oUUaVI #1aj 4 Ultraviolet rays 

(jjJLXu (j^c-Li ji (j*JU3 (j^_j SiL<l! <jL "K ^->>11 JjLJl . (j^m Jjt 

: S*jVl cdIj^_jJL . o-^II jjJL 

—7 _9 • 

. p- < 1 0 = jli 10 = pj^ju* jJfli 10= y+tylj J-^lj 

(j_4 X S - ».*( 4 10 4 10 Cn—> ^yljjLj <,)_« I j^ll oL_>jll Si - ti t : I Ll ai 

jjjUl yli J^t 3^1 Lw «jl5 LIS . IHaj .10 ' 11 - 10 ~ 9 = y 4 10 ~ 10 - 10~* 

. j,uoaJI Jjjfcjll J^kLI 4.I.J. II L 4**|jVl 4Ztui) J LI 4 (^oiioj 

(jl **■ S »M.ll » *< ^ • jjjjJlj 3JIUI (jjj—i 3_i}UI wlljL ^ — ijl jij 

jjjjLJf = v 4 SJltJI (E) >*i L i >■ E- h v Eav j jjjJI ^ l^j^t 4 -x^lxu S_ Sitil 

^J_>jll J J kJI 4 — 9jUj 1 L _y»J 4_>_jll J_j— 1_5 JJjlJI (jrfj S__JMa Jl - > -y} 
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iyia AijfciJ (1) 


3^1 f Jj__L X *> * iilSJI ^ ^i v = C/\ wave number 

. light speed iey = C, wave length 

iilS liULS fjjj i (44.1 m/s) y-a Sj SLU jjill (>^31 £>IS Ijj i ie^-JI SjS j 

. 0 j4D i_t>La!l (J _ji=J( >— J-JL>I (146 g) 5 j5l1| 


ijy > LSJI £>* 


h = 6.63 x 10' 34 j.s 


6.63xl0~ 34 k.gm 2 s 1 rt _ lrt _ 3 4 
= 5 — = 1.03 x 10 3 m. 

0. 1 46 kg x 44. 1 .m s 1 


1 J = 1 kg m 2 s 


ik>-!>U 


►I . 2.19 x 106 m/s 5j3 j (jjjiSJ'il -Lcj^ yi ^lc |j[ 

Ijj . i. -.<- > • Loll <->-^11 


6.63 x 10 34 k.gm 2 / s 
9. 1 1 x 1 0 -31 kg x 2. 1 9 x 1 0 6 m / s 
= 0.332 nm. 


= 3.32 x 10~ 10 m. 


JjV! s j j i_aj^ 

(jjjaii) oljji—ll L—ul 5jjj I— y»!l y> ^Ijj! Ja-ul 

5iL«ll I 1 iayix> ijj £uLkj (jj *ul) JjSj ULkil l J IjA 

: I J^Jull j US' jj.nall i>jil J jb sl>ol j LfUliSj L^k > 1 1 ala 


6562,8 4861.3 4340.5 4101.7 



Ha Hp H Y H a 

M Ojj ^UiV ( ^k> ouk (3) JSi 
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(i) : 

If. . An; (jj <+*-0 Lfji "Jlj ^ubfjJI y«jJ ijj ^.otiiJI jj&i JJ j 

J wjj I SajLJI AfAl^jJI aJ^LaJI (jl jib ^JbJI I 1885 ^le ^jij . LfL>|jll I^Jjb 
^jJaAJI Sjj t_ A j l» j A jijM I Jajk>JU JJjjJlj (X) Ajfcji! Jjb C>H 

c ji n 


V H = - = R —T-—T 
x { 2 2 n 2 


.L^ kadl JljjJI ^jic 6 4 5 t 4 4 3 j^b (n) yi iu> 
, 1- ^, 109.678 = Rydberg constant ^jj, cjuU Rc^^aJI Xs.^ C vii^ 
. 700 nm ^>^11 JjLJI jj jjj>S I *j.AJf jjj3 — I : <jj ,J£ » . ■..<.>( : Jli* 
400 nm JjLJI jj *y&Jl jj y — <— » 



C 

. l»f'u J5 JJ y Cm*j C&*i V — — AJ^bJI 

X 

A) 

c 

v = — 

= 3.00x 10 8 ms -1 . 429x 10 m 

X 

700 x 10 9 m 

B) 

c 

v = — 

_ 3.00x10* ms ' 1 _ 7 5 x 10 m s 

X 

400 xlO -9 m 


lj*J . tj.il!) Jjl JJjj Aj J^jIsJ! JjLJI jj tj~oJl yl Ja>-Mll £>JJ 

. oljilkl! j! (ji—JI jLij)l !>y ajI j.*«.*i..<J Jl iS'y-i 

oljJjJ-JI 4 _/jLSjj JJjSj AjjUi* jj jk.>J I (n) A >j< Ojb^j AjI 1»>-j) jjJj 

(jjjJI J-lljl Jj . olfj 'i L»J n A » L J £_~ojj AjLt>- y5u^j J^IjiJI Jj*o L*j 

. o«ib 4 yUf! Lfjj OrtjjJ^I ®P 4-J j . A J t5j^l cjJLiuSl y^iuJI 

.Ailiivtl Xuj-aJI jblill J Of>JjJJ^I 5jjJ oL^b'il oUjt>»« ^j^ll Jjjjkjl ^syj 
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j>>^— j } . V » 5jj k a j ^ ijijSj (4) (Jljjj 

oLjtl JLjJL>j ^jSl 4-ilkJf (_s^~ ...« J| (_5 j_L*JI iLSLLJI ^ 5” (_$yi. ^ « £>* ojUjjI5J'J|| 

. iiliiJI £l*i?l 

Pfnd series 



S^L»Vl tjtiOlj 5jj j iilfcdl ol^jua* o* y>*kJ>y (4) Jii 
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'Ajjua (i) 

3jjJ ^ajhll ti.Vll fj3»y it JjIsJlj jjjSJ! <*j5 u^> I : JIjw 
J l £►» cSl (2) jIaII J! (3) jfjil , j» SjjJJ i^ltatfl 

bJl 

iSLLJI Sii~ qiZLaWj olL> JJ ji jljbt jj Jlajj'il 4_Jj-C jl ,h>^UI jj 

. cjLftLfcif 4j^a ^ic ^ -i~ « H 

oLiUJl j* dUafj .2.179 x 10“ 18 j ^ JLu JSJ jjjjSTil i»U> ui )j»j 

h = 6.26 x 10 34 j.s jij . AE = hv 


hv = l(T 18 j x 2.179 x — r \r 

l«i «2. 

2.179 x 10~ 18 j 
6.62 xlO" 34 j..s U 2 3 2 , 
= 0.4568 x 10 15 s' 1 


oifj Jj Ja jI»*j| jSbj 4jlc_j 


3.00x 10 8 ms -1 
0.4568x 1015s" 1 


= 0.6563 x 10 8 m 


U»a»-i jjJL> 4 i u n « ~ j£j^» Jaj" <j*}l JJjJI jl jlcl J i 3 j 

: oMJI oXfj 4^a jL le y^i J5 J^>L> j^>uU 

44 - 4 ] 

U y ; 

j I j~oLhJt j— i J>j .*> jj_c jc 5 jLa y, x jj J5 jl t*.i L i .> - 

Lfi^t JjjUJ jS^ j^tlJI jji^l ‘ J" cjUj^Si 

• ji^-> j* 1 jjiJf 4 jL .k> J£J JA«JI j£ J j.n'il lj . l* j\ jib 

j^_>-jjJj‘>U oljjjl j Jaj k>ll oljjy jl Ju>j j2s <S*J 

. JJjUII j» Lfiit- J_^oc»JI jSL*i 
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CjLjjj'if (3—0 4— jJ «Aj »_>j_ilall 3^^! illwAll 4 . l> ..,jJ I JjloJ (Z) ti- UJV J 

. He , Li , Be Ji« 3 ,fc»-jjJiSllj 

. jj>Ij 3jjj55b3l L^j sljj 3* SjUft (jSLJl liuli 


XJ^Uli J j— 4_jyllll Lj_j(jjj 5 jj_l£J! j_ojLJu<JI i_i. ...jls Jl Lll£jul IjJ 1*1 
4_jjliiJI jr-oLu«JI Lo^.n > 4 3jjkjj Jy'jlj 4 L ^ui.il I j£ Lo (JjjjJI j Jj^l! ^uUu 

3c jjjoj 0 4 i.L~ 3 .il ^ajLk«J| 34 Jl otjijhll LjJs^L> |>j..it* 3^ 0 j < 0 li 4 
^yjJI .nil I j> ft lj . jILj iJjt__«j UjLwju _yi_jUo i a _> J_£J JOaII 

4 (Diffuse-D) 4 (Principle-P) * — ^1 ^ul — >»J! ej — » j I — ajw; 3 £*i 

<l_1p j 4 jlw. i 1 I 35L»j jjlxJI jl J»jia3JI oljjjj jls Jlilljj 1 (Fundamental-F) 



l.uiu jIjaj 8 4 ill«ill 4. 1 > v t il — Z 4 |k~< 109.737 ^jjji^j ojU — R. l*»> 

. 4 LJL.1 t Lujij 

3< (J^ 4 JIL 1 4-.l „ .«. > -l JLm 


4.29 x 10 14 s 1 jjjJ 4 J «ji ^ - »’ 

7.5 X 10* S * 4juj3 JJjj <J jl£ |j| — v-j 


i_5UaJI 3_» J_5 3 j_> LiMjJl L_jjj jjie Ojj«jit l_a»o Jj>JI iijwl 

E a 3I i_5 i L^jjL LujiLu 4J-3JI jjjj aj L^jjls v_ l.jUii iJlLJI 3I 34 j . jj jillj 
|j| . 6.63 X 10 j.S 4. ~ ,a^jj wll^lj l£juU OuLj (h) lIl i . -v E = h X A, _jl 4 Tl, 


A) E = h X 6.63 x 10" 34 j.s x 4.29 x 10 14 s"‘ = 2.84xl0“ 19 j 

B) E = h X 6.63 x 10 -34 j.s x 7.5xl0*V*= 4.97xl0~ 19 j 

. (j-jj I XJUs <U (JuuSlaJIj XJLt 4 J J, , jl« ll JJjjJI jj 3 I 

. JtjjJI ^ ^ .wS A l l I 4 jA>Slj 
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Boher theory j—*# L-jjJij 

j i y SjjJI j iiLUl ol y >...,» (jl 1913 j&y jLJ 4 « v i,iKll jJLc I 

j jjIjJI SjjJL Sj^yi oj L j j jifO J I L^.j .9 jjjj 4 aLu <ilcl Jl 

SjjJI (jl , (jyi— < iJL> j SjjJI iouIjI—j (stationary state) (j_jSL- < iH-** j 

(jli jLjJLj . 0jij_i J ol_ju <j u»- j (jj^riii iilk ^_u ji istk (^u- ojjIjL» 

jj c (j « yiZj cj L j 'i I (jli ^Lcif jl oU» cx^uwl *-l_j— » iillaJ! j jy*i)l 

Jl Jii Silt jj ij jiLc (jj jiZj cjU_jjjfIJ'!ll (jli ^Lvil i6j> jl iilL> cj-cuUI «-l ^— i iilL> 

, ja S iJlj ^1®I 4JU? jj jljrf 


ijj~ .,!■» jl Hi J-j'il <Lilkll (_5j* ■■ (j_o Jsjjj otijjifD'jl jl ^ylc jAjj 

0 jjb ^j>uj ^jLolll UjIjl* Jl oUjy&TlII Jy*j SjSJ iyj . E 2 ^ylcl y*’! iiUaJI 

V-I..J a-j Uul J^jit 4ili»JI i_JyLJf lyk>- 4.> x ,a.» ^lOl jl »ya 4ax» ^ic i-oljil iSlkll 

. jIjUI ^ij 

(5 j jI-iJ I ^j__ *JI yt> j (<1 — SJ I Jjj_ i) oy— j- . V I l„ ,.A ljli{ j-*y <— il—ii o-i_j 

^jj-ws joc ijjLo ouli ij^U j jjjj (jjySJ'il! oi . (Angular Momentum) 

22 

t — = n wLi^O kiuti h (jl \\I20 j b}j~£j (n) 


\ &— a ) x 4®j 1 — iJ I x -dAJI) ^ j— i U (yylj jImaj ^ wlj >* 1 j a ■ * a - j^IjJI ^jaJIj 
yL> (>^4i (XjjJ'ill . Quantum number *SJI (n) oyyj (jU) 1 


* (jl 4 , 5 ! ojJ J ' 1 j Jylx>JI (jS’Ls! 

nh 

mv r = — 

2n 


4. « u >,9 ojlj Ltil* (r, n) <j* 4 , 1 w Uu ii^l® x>y 4JI jjkJ j lU’ ill lj® jjj 

. 4jLcjm> (v) t (jjjifLI'il 4.1.*5l (m) iij L i.» . r 4^3 ojlj (n) 
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iijia (i) 


JS AJlbj SileVI jh3 vJUau yjLt» 

|j— fj y» J Jo 5j5 ^uuy (r) jki t_jLtfu oi j jb** j b ji® 


SljJ! <j-j ,j-£ ijj-j * Au lj-wjjj£ll I y j . * ■ ! ! iji JjLu ^jAj L flt^S (jjjS£J“Jl 


Lf ~» (Z) <jl (jjjjLSLS'ilj SljJJI J_£ ii»w e yi ki 


= Oj^'j 


mv 2 Ze 2 


= i ^)l ^ ..lA.'j <Jl»j (e) ofjjJJ SJUiJl 4 1 .>.. til I 
r r 2 l. 



— (V) 4_uJ .'. 


nh nh , . . . 

v — j mvr = ^ ^ 3Jjl«il (v) c>£ u^^yC Jbj 


Ze 2 ... n 2 h 2 
mr 4n 2 m 2 r 2 


2 _ n 2 h 2 

V 4n 2 m 2 r 2 

iljLUl jjJ» (_sjLnjjj 


^laSl! Q Uo’ i (r) <*£3 JljJbj 


n 2 h 2 

4n 2 mZe 2 


e = 4.8 x 10 10 esu = 1.6 x 10 19 <txy> (e.m) ,> JS' 3^3 ^ 

, (r) <^s Z = l,n = 1 m = 9.1 x 10 i lit* I 5 jl>j 


(6.63 x!0~ 28 ) 2 


= 0.53 A 0 


4(3. 14) 2 x9,l xlO -28 xlO -10 ) 2 

; |jj j&y? Bjj j i_j’>Lc ijyi jlaS b : iJLxi 

h = 0.663 x 10- 23 JS 


n = 3.1416 
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m = 0.211 x 10‘ 23 Kg 
e = 0.160 x 10~ 18 Coulomn 
n = 1 
r = ? 

(ji (r) s yp 

r = 0.475 Kg m s' 2 CT 2 

ii^UJI ojj> jtljLpCLiljJ 

r = 0.475 x 0.21 lx 10~ 10 m 

= 0.5206 A 0 iu> (10~ 10 m = A° ) 

<■1 ...ill (_5 jL*oj 4.. .(ile'il jltaJl cJLcul yJJ 4 ju*oJI y I JJfej 3Jjl*JI ojjk yj 

. olwji (jjj 

r 1 r 2 r 3 = (l) 2 (3) 2 


2ulsJ! uj^VI oll> 

1 2 

I ialLJIj niv 4 j 5 _pj| SJUsJI yj yP SjljtP <c,KJl lilUl 


4j_olji3l iilkJ 4ju*uJlj 4lJjj yj3jy4)_) yaj *—* ^ >41 yP — 

. SI^JJI y_P 4 _uL$J 'i <)!....»» (J-Ipj <L5y»JI ^JP yJJyiSLj'if yi-oJI 

. SJjlni! yj 4^1SJ| ijlUl . i_»jl»a)l tS_ji jtJ-xSj 

1 t Ze 2 
Etotai = Ek + E p = y mv 2 (+)- — 


Ze 2 2 . 

mV — yl 
r 


Etotai 


Ze 2 Ze 2 


1 

2 r 


n 2 h 2 


sllJj yJ iilLJI JJjIaII j ~ ~ JJjUJI y» (r) 4-0u3 yP yiuyuJU* 

C ■ * 4n 2 mZe 2 
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(i) 


• • Etota] — 


2n 2 Z 2 e 4 m 


(jjjiiJJ £_*>• J-oLj> (>_• JjI Sjj 4 — alt (ji ajLi^/l ^ylujj 

ij_>0u Sjj (j! ijl t 4_^JL$jM L» iil .. » aj U ^ . Aki (j£ \yoiut tjyjji} 


E2 - Ei = AE = hv = 


: i^l JJjUil 

-2n 2 Z 2 e 4 m^l f-2n 2 Z 2 e 4 m > ) 


njh 2 


n^h 2 


hv = 


2n 2 Z 2 e 4 m > ! ( 1 1 


2 2 

n l «2 


• nt 

JjJI 51 ti-SP-j E2 ~ El = — yi Jj 

A. 


(jl £0l. <1»J 


JjJI u = 


I _ 2IT 2 Z 2 e 4 m ( j___L 

^ h 3 C [n 2 n| 


OuLJJI 4_*^J 


1 ">44 

^ l^nj n 2 ,/ 

ifi jJaIUjj . jILj SJjluj 1*1*3 4 _l iu 4jjl*il 0 iftj 

2n 2 Z 2 e 4 m 


. (R) outili 4 « j £l I ijJu lf3l a>j I f i l c JvA>Jt »3 jeilij ~ — 

^ ' 1 - h C 


jAjj ‘Lfjisu oljjAfl 

. 9jjJ 4ji 1 tkll i^Jajjf O j-*3 — 1 

4jl (jl . j-ollc oljj oLo!jl9 > -II 8 jjb jjuLu j\ ~ 2 

K, L, M, i. cj 5 a> iijljll dJ^U'il) 4iU t il yl 

• u i |)h )l i»^L> (>• Jj3 ijj O u lu . N 
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1 ( 1 ) 

j>-\ (jj J5l 5iU» cj|j (jjyiJJ 4jlj jlil — 3 

Jlc jj jl cjIj , '**jj' < 'H cjbjjj c jl 3ilUl (jj v. ■ <3li 
5JMJI Jl 5_iU» ol j «i)^Gl (>• J2jul IjJ . jjjj*JI jIjII Ij^J 

. £1*51 lijLijjl il! j 4-JL>wOj <Oli ^jjl islt ojIj 

j&y* <o Xxt <->$£* 

j OJuSaII oljjJl J ly>-jl\ ^jljoJI ^jkiu jj y>y 4j* < )JI Oj Li L-..>J I — 1 

• ®jj j JL>JI y> 1*5 tj jl^fJ I Ojj 

(ji j+Jau 5 . ( jjjjLSiJ , ^l (jljjj « *? j 4^jl«JI 15^315^11 (j^jljJ pljiuuJ — 2 

jJLLill (jut (j_JJ Oolj_> 5ll j5j 4 , !* , !■.», > • y*>lji- LfJ Oj jjl j Cl l > ,j^>J I 

. 5_^jl*JI 15*315^11 i>&ly i j J> j j*yi cA**t p5JI 15^315^* (ja3lj5 

i 4JL.IDI 3 5lLxJ I oI^jjuaj jj'+'C 5i! j5j 4 jjj3L3 <j 551 

. SjjJI J t5jjj»u ^jjJI jJ»ljlaJI Lcyl Ou-ijJ 1*5 

j <L>vL ^4 djtil "ill ^ U 5jj (jl jby iijLJI oL.ljjJI (j* — 3 

. £lji!l J 5j jU jLuI LfJ SjjJl (jl juu l*j» ouj (_s jJ! cjSj}] 

^_5JI (j_» £ljji Ouj! jj_»j y_* 4 >| p5Jf 15*315** ^lji>aM<b jm L*j3 — 4 

. 4ili»Jl 


The de Brogle wavelength JjWIj 

4«...li t *j_~«i)l oLJjjji) JSj < U«jjj^5J t oL>jil (ji j) ^JL>jjj J2J 
4-Loj oti ii u.>,]| e ja Juai (jl (jful! (jj 4jli 4 o>l*^>JI oli ~o (j*x! (l A j*Pj I 


51L...* (j!_*>Sl j 431 (_j4*44 . Jjfcjjjj 4 « , i Ji o>l* »^JI (jl l»Lu . i>jll 
(j Jv** oil* . |I>H 3JL> Jj , 4j*jil 4x5,1 ji i! (_>A*jJIj (volijjjflJlj) Cj l *j. ^ v JI 4i_£> 

I . . >1 .1 II 


E = h v (Planck’s equation) -1 

E = m C 2 (Einstein equaiton) -2 
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( 1 ) 

J~a>o (2, 1) cSjLOy 


mC 2 =hv,mC-h — 
C 

or P = h — 

C 


t jjjiJI — v (jl U5j . <i-t£ j\ . Qj—jjil] (m C) or (P) dj j . * 

Jj_kj > a g y (X) 5 .1 !>.<> 3JIj tin* jjjjJI ^Lc ■Ltfj-Jl — C 

: IjJ Ljjll 


X = - 
C 


P = h / X 


(4) JJjLnII j 


or X = — (de Brog lie equation) 
me 

v (jjjjl .£l*il (Jjl* SjUl ol <j... >! l0£» “CtuJjJj (5J 5 JjUj jjuxjj 

4_5jjo <. uj& dll jjj . (X) Ukjjj i (m e ) *lj& 4 J (jjjiSM jtjju i j 

(y-llj (X-^l J)-k) ■ >JI ji (niev) 

: <5^jJI eXfj (jjjSiyJ j\ <i*£j iJjbu oa^c 

X=— = -7 

m e v momentum 

IjJ . Jsajjj (jjJij (6) ^5j iljUil 4 jl 20 (v) SJjUIl #i#j 

■UjIaIIj 4jLoJIj 4 _uj.it >11 <U_aJI Jii ojlll o U . jV .ii. > .illjuj Lajl 

. jltyi jj .i n i 'il Lfl lnojL il 0^,i>Sl (7) ^Sj 

[nieV r = ] “ouli jfui* = (.JjljJI ^*31" "8 

2 1 i 

Jjj JjfcJJ JJtC ^v>vU ‘ jl-U j vi)j>uj UjJvftj 

i>b q\ y£U^ IjJ ,(1) JSLi . 4->^ll 
n X = 2 II r -9 
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Xjjiii (i) 



as X = (7) JJjUI jLjlj 

m c v 

J 4— »jil ijylo (X) Qj) (Jljuu— iljj 
J-o>J (9) SJjLaJJ 

n (— — ) = 2 n r 


m e v 


or 


n ( ) = m«v r = angular momentum - 10 


<-o yS\ Lt (ji X>o I j| J>y (jj y US’ OyjjJI qJu ^LfjJI <>ynlll 
. ^iUl iJ^Lc 3h L i..itll XyL^iiJI ii^LdJI el* (j jjCj . y>y ji\y ~ c5 J 

(nuv r = n 


Davisson and Germer experiment jtj&S 

(1927) <j — -jilj Cm ou 5L5 *-*■*>• Cai *tf tr* 51 Jj 5 ^ *o>a)l 

,v$ >>ll oLjjjSfJI Cm J-^uil Cm* 5_j_jULj ojaj 

. ^°65 L> (n=l) JjSi X>jJJ <iji <*-ii ^1* J-au>j 

0.91 ^jL-3 J^hJI SjjJ i^Ul iiLJIj . Sin 65° - 0.9068 n = 1 
jL»* i (Bragg) JjLju j,ukuj . (one Angstrom * 10~ 8 cm) 

. X 

nX =2 d Sin 0 (Bragg’s equation) 

1 x X = 2 x 0.91 A 0 x 0.906 -11 

.... X = 1.65 A 0 

(1) V 



m e v 

C,ij t Jljtfl ^ UjSJI t 3i>uSJI J3U3 (e, m and v) ±yj\ Livi ^ 

• [V] 9jji jji J^L> •— Cjjj^^I 
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Vi mV 2 = Ve (Since D. E = electrical energy) 
or m e 2 n 2 = 2 me Ve 
or me V = -^2 me Ve 

i h 

or X = 

m e v 

or X = r — ■ - -12 

-^2me Ve 

ejjk oujjCuo] c. >_ijL>aJI jjvl j 


V 

= 54 volts 


H 

= 6.63 x 10‘ 34 

js 

Me 

= 9.1 x 10~ 31 

k.g 

E 

= 1.6 x 10~ 19 

js 



J«eL*J (12) iljLJ! j yiujjCJL lj| 

\ 


6.63x1 O' 34 js 


-^2x 9.1 x 10 -31 K.g x 54 x 1.6 x 10 -19 j 

..X 

= 4.18 x 10‘ 10 

'm = 4.180 A 0 


• j£js) * (X.) c*,}*] 4 « j<U oi* yj 

. (jjJ JjUl 6x10 j jt> (jjjjil'il : JLto 

4 -te i 4 j'iI* Jj > 66.3 X 10 2lJ5b cuU Cjj'jl n_jZJl ^)ju>0L»i»b 

. f\yr J 0.911 X 10" 30 ajj&'ll 
L>JI 

( S& J-ab>J X = j Jl-i u.«*jL> 
m e v 

= 6,63 x 10~ 34 js 

0.91 1 x 10 -30 Kg x 6x 10 7 ms -1 

= 1.21 x 10 _u m= 12.1 A 0 


- 28 - 




Xjjd Ajjkill (1) t 

Heisenberg uncertainty principle jtfbJI ijuw 

o U L g <J j jj~ j\" culjj 11 J| 4j a .» \y> yjyj—SjU 4±jjL>JI ijjpj'il o^jH 

J.n > ( jjJI L oy~OL>-j I 4_>jl>aJI y4U»> yijl *j O^iLu OulS OkoJuJI ajj* "4jpjil 

4 -l*S (j—P oj Lx e j — a yl ^ 1 p (^ojj jjjJlj (J.J. Thomson) j j. .» *y y L^Jp 

." iiltj <di£' 4 J jl ijlisj 

i_«— e»_jJI £-* 4-*-j4 *-il (.yip y_jy_SJ^I j jj.-a ~l l (j^-j Jl J — oyj j 

i)jy£l'i\ (jl l jLz >il)j (j^j L .* ,»4 4 J*lSjJI y«(Lil j->y. ^JUl jii . 4j| yjylSJ jU 

<j-SJj . ^Ijj-JI ^Jp jl J->lj oJj j i_i-o_jil jl (j^fjll t-J ua jJI (>* ^S i>-ly ^ 

ijj ylpi jii Jlllbj <jjjiSJ)if j y»lll Lp-ip-'J J*SL» (j^j j.^>'i )l (jj 

(Werner Heisenberg (1927) jSLjJl ^j—p ij_u (jJLc-ij yiUHl lip ^ ** 

. Uncertainty pri) 

J-»lj (jl ySpil (j* y»J" yojj ^yjJ! jStlJI ^JP Ijil 4y-<L<'il OjSiiJI ji pj^illj 

ISjjj y^UU (ji (jl*^ 4ji (jju^ l.i»j 4 "(jjylSJ jU wJpOtJlj £~<ijll (j* }tS JyOPU iijJJ 

^1 (j_>OJ . y«l S«ll jl <J £_uijil (j_4 jSLjdl ^JP 4—lLt> ^Jp (jSJj (jjjjSJMJ JjPuJl 

■AP-t-,1 4 tiZ’i Jl 4 UZ’i 0—* ji (jlS* JJ <jH* (jj l^plj wJjPvy l*-liP l jjy£]'il yi o2i*j 

. 4la2J JS yP Cull jt ^jl*j JjPO 
j L-M ipy-Jlj jjl Uj_J ( jjJlj yolyjjS'l ( jlp 4 juUJI OyPuJI 0 JP yijiijJj 

>-J j SLw jjSy* |> J t ±.i,j. > 4 ( 3j..<nl l li» Jl* JSjJf (j^jy 4 ±jy » (2) JS-i JL>lj 


V I / 

\ I I 

\ \\ 


( 2 ) 


— «j 4 _ij. > - 4 (3 j..<uI1 11a Jl* J£-2Jf (j^jy 4 ±jy » (2) JS-i jp-lj (jl 

^JU* A»j^ 4ji jU Jjlpjl l (.Sjj |j4> Jlp *jj> jj ^yjjjSSJj 

(hv) 4 ilL> LJ jLl* ( j • S’! 4 «. „* I ji L*L> 4 ,«_. i l) •■ j~<i 

s 4*i* .i,t 1 * iipj . (P) ojil JuIp yjjj SJ'iL Lpu 

4-jjS i xjjSyil JJ (oUjjyJI) »j— eJI |j_» J-l* (jjjjLSJ^I 
u Ji^L * - > U,lj (X) jjP^il ^* (B) 4yjlj 4i4jpO 

. (X) jj->«*Jl Jy-t (jic u_>3yll y 4 iSjpJI e 1 > £>J OOAJ 
i_jjS— ijjSyll Jl J->Jy (ji u^H cptA ll 4j-<aJI (jli Jlllbj 
. 2X iyjljj (^*2JI) L>oj JjlV (jlS* <_ 5 1 (jj 
jljilb <L*jbu j£*J! yjjlSJ'il SSJ»J (X) jjPv*JJ 4 paLJI si* 
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(l) 


. _ 2h 
APx = — Sin x 
X 


*£ j > J uStill ^ jjo APx 

^ ji,ij 4_JjLuj ^ .by yA L»£ ‘.*J^ 1 jLSLlI J. ^JjO 

. »j-=Jl J^I>u3 “Rayleigh* 


AX = 


Sin x 


JjJs X t jjj~ ^'Nl ^~ey* J.> >y c (X) j oStsil f JlC AX 6 i 

:<y> j^-Ij <jT j j jibll ^jUj <■ OyyU X>^ll 

AX AP = -^- x— Sinx = 2h 
Sinx X 

j h 4 ojIjJ <A£t 'il ^ L. AX . AP *->j± J-uL> jJU (jli ^jmJI ( jlej 
AX. AP X = h 

(E) J jj j^bi ijul tw i ll || (ji olj^Juil (j J (Jj^l XcyuKjj 

• LSjj (ji (ji*i (t) (jjj jjp pUajJI <ulia 

AE . At ~ h 

jSLi)l pj— c — At ( jit iiUJI ^u^Lu j oStill |>ae — (AE) t l t^ » 

. oUaJI jjic (jwjJI Xf*}Lu ji 

^J_e >,„>.„■< >1 (0.001 A) uSljJI »J_c £j (jjjlil'il UwlauL>l ; JIjL» 

. iS>Jl j jtfbll 

AX = 10 -13 m, h = 0.66 xl0~ 33 j.s 
APx =? 

AP X = — = 13.2 x 10~ 21 K.g m s' 1 JIjuO-^U 

10 -13 

& 'Jj wj2L»j^ll 4 »h*ii JJU J LfJU*J 2£j*JI J aSioJI |»op u^i 

, f lj>J9x ' 13 ihS ol *JU J MM 
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(i) 

. . (0.146 kg 3Jj£JI olj icj-JI 3jS) — i j ji'ljJI ulj>| ; JIjL« 
j j«3— J! (jl p-Lc jJ (1.00 x 10 31 kg) <dsSJl <jj — (_•> 

. Oj ill Ojjj Jxu'jil 10% Lyjij jj53 ^^iUlj (1.00 X 10 11 rn) iiLfc* 


A- : A X A m v ~ 


t 7.24 x 10~ 32 K.gmV 

Av = — 

0. 146 K.g x 1.00x1 O' 10 m 


4.96 x 10" 20 ms -1 


Av = 


7.24 x 1 0~ 32 K.gm 2 s~ 1 
0.1110“ 3, K.gxl.00xl0~ n m 


~ 7.9 x lO^ms -1 


jt-i-o j->y> k. k>.l Lk> L.L.I j jli (jl iijLJI OjUII jl^ (yj 
JlSLil J ^IkL-l Ijj . SlyJI £y 3jjj»v» oliLJ oljla* I 4 J (<j j^lSijJl) 

JJM J£Li JaC £fki-»j^ . Jjvlj (j| j (jjjSSJ^U iCj-Jlj iy Jj>- 

<kU (ji jic jl>^l 4 . l » ’i> . l » l l ouU J 

■ £ljW J 

jLx>] J_^» jJiua (jl J=uL» 111 (j£Jj ? SljjJI Jjjk (jjySJ'il (j^l JLJ (jl lllj 
3(2(1 £_~olj^ 3 j_* J oliLuu J-lc (jj-S^ l_*jj ( oljJJI J_^_> 3 j_j_»j 

. ojjjkj i>b ol^lUl>'jl 0 jjt 5l_jjJ I (jj pjj*. ,!■»<> I 100 « -> u I 


The wave function OF) 5J1j - 1 

Lylj i ,i> jj^—ouu . JLs)l (JiiJI jjLt <jJUi>*lll i— <ljj jjic 

(_> n . i . V . ‘u . i IjL. (1 +) 0^1 (j-» jyjj < * — J I (jij ( lx> Jjt jjift jJjju iku— ~<J 

I j y^Su bib (j3llj <*-<11 8J« (jl (jSL»e IAJ_j . (1 — ) 

. <*-JI SJIJ — vj/ <>_jil SJb (JjIIj 

V[/ jl V|/ UbS (jl (jJ>«|i ( <>_jll olJLo <J (j_jjjL_SJ I (jl (jli til 

5Jb j-i-jjj (X, Y and Z) HJb vj/ (jl Sj^kSlj . (X, Y,Z) 
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jui'it tSl j (jjjjil^U 4 ^JL»jL>[_) . <^jyaj <U i£» jl <LJL* ji <X>-_U 4 «jb 
4l>vtli olASLJ! oL 4^fc^II 3JIJ 4 j5jI1 421LL! 4^uU! L^j^L i_wLuj £(yUI j 

Cjj$j oi 6^-4 • (V) (V) 2 <> (j^* 3 Xhjj 3 ^! 

Probability (X, Y, Z) oc [ v (X, Y, Z)] 2 

j-^ tsi «**• j QjJ~ ^'11 4jjl> 7 >. > *ii (jl Jj-iu (jl Ijjj 

• •j* jb*i U*ij* (v) ojj V^>* J* UJ^t! 


The Schrodinger Equation SJjU* 

(1927) 4____»jil 4 JjLxj j ^jJI—^ill (jjl ...II |Jl _,<l| 1 .. 1 .,.1*7 

Oj>l£J!>U JjLJI vJ-pj 0 -* Austrian physicist Erwin Schrodinger 
(j_4 4_jjSLll »L hill iilt y LJ CjuJb>oL>fj . ^j-oL^yi SJjUII J5ui J-»-jlj 

. 4_OjIiil 4j*_jll UljJ o la . J . -v . nll l (j,uil 4j^l>vjJI ^uiJI Ouj^jSj (jj^lSJ'jlj Bl^jJI 

, J^uull Ij^j J-»-lj eUkJl j 4_>^ll Jj»uj 4-aL«JI 4^La UoII 4 J jlxll 

a 2 <i> 1 a 2 <t> 

5X 2 v 2 at 2 


<J)(X, X sin olywll (J. n i 1 I — v t 4^lj^fl Ji*j (<J>) 

^jJLe (1) UjUI j JljLu-.'ib — 2 FI vt = t) 

a 2 <b 4n 2 v 2 „ d 2 \u 4n 2 

— t + — M/ = 0or+. — t + — — v|/ = 0-2 

ax 2 v 2 ax 2 x 2 


>.^1 4J|J (\\l) (jl 


</* «^*ll 6* jW*^lj 


a^z + aV + sV + inV = 0 


*—— r - + -^-r + ~r = V 2 (delsquared) <ji 

ax 2 aY 2 az 2 
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Ulj V 2 iti L >.> 
(Laplacin operator) .Jyu l»£ 

SjU 3JjL«il ojj> J^k>] . i— 4_>jll <U jluj (3) iljUIlj 
Lfjluio— ,1 “De Broglie" ii^U .(wave natter) 4^. 

x-i-i 

P mv 

J-Q. J O (3) JJjUIl j (A) jj jJl Jl.Vn.,Lij 
2 4n 2 m 2 v 2 

V 2 \j/+ V|/ = 0 -5 


olUl + 4jlL = (jli <^Lej 

E = V + Vi m v 2 


or ‘/j m V 2 = V - E 

or V 2 = — (E-V) 

m 

: (v 2 ) (5) JJjLiJI j J|juu-,*iU 

V 2 y + 4 - - ? (E-V)v|/ = 0 -6 

h z 

(jjjjliJ'il j f >.rt> (jlllj 4 i l * 1 1 AJjIjJI (J* (6) iljUilj 

. l)j j 

J5LSJI I jjb ^ Lu) ojU] £>SL*^ (6) JJjUjj 

h 2 

(- — V“ V 2 + V)v|/ = E\j/orH\j/ = E\|/ -7 

8n 2 m 

jyj, ix* (byl**\* JjIm) Hamiltonian operator «Jy«3 (H) 

. oUaJJ A^JOP 0*S — (E) l Sj>Jf iiltJlj ( ^LtaJJ iiUaJI j J . mmII 
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SjjJ <UjIa 4 oll*.»K» 

Application of the Schrodinger wave equation to the hydrogen atom 
SJjUIU * y5L*^ (jiJlj 4 l i'i_i>jjJj1 Bj j J 5! jyojj 

: <*3*511 

8 IT 2 m _ 


V \|/ + 


(E-V) y = 0 


3 2 w d 2 \y 3 2 w 4II 2 \i/ / _ 

t + — T + — T + ^-¥>¥=0 -9 


iP(r,e,<tO 



Fig (3) Relationship cartesian 
coordinates and polar coordinates. 


o—» <i*L«JI iJjUll (j_j |»i j!Ljj 
< x .jUu ji-t l*_JI *il . L«L*j 
JLkJJ ^..feuull (ijSIJI J£iJI j J>JU 

(Potential field) ^1 Jl 

■y (r, 6 and <{>) v LLi*il jjL^. 

(X, Y, and Z) cjLSJj^ jU 
: J tills' tfijllS c£h (j*£jiJI (j*i» on 
X = r sin 0 cos (j) 

Y = r sin 0 sin <j> 

Z = cos 0 


(V) I i_5lt> JjulL-oj J>» jjl — >-j Jl jjIjk* v-wU s (jl oSuij 

_ e 2 

. (8) ^3j DjUII j <u*2Jl> 

±_A (r 2 il+ — I ^- (S m0 ^-)+ — - — 

r 2 3r 3r r 2 Sin0 30 V 30 r 2 Sin 2 0 a* 2 
— r~ (E + — ) \|/ = 0 -10 


Jljj vi>^Ltil (J-oLas^ 1 ( tiltfT (j£L*^ (10) <UjIjuJJ jlwi JljjJI oja 

(jjSi,; <ji (jfu* J*llj (r, 0 and <j>) <a>Mj)I <UIj J£ 


- 34 - 




-11 


(l) 

v|/ = (r, 0 , d>) = R (r) 0 (<J>) <D (d>) 

— (N) (j— 'I— i^l p £J( joe . ifrtSJl |i£JI jliei iLLJl JJjUII 

j L*5 j (I) jl (jjjllJI ^j»JI jocj 4_>-^ll 5JloJ (R(r) j ^a 

• (®) j ^ (m) j»5L!l JXt Jjj ij^^l L»I_J (0) 

(N) ^LjVI fSJI jj* 

(jl USj ^J&U JSLi i>b liliS Sjj j 

Ojj^aJt oj-Aj / (6 Slid (J)) ( j1a '»"■* ^jlJI oUUu^lt 

. (10 ) xJjLmII ^buujlt 


±_A/ r 2 871 m 

r 2 3 r Sr h 2 


(E + — ) vj/ = 0 


d ,2 dv| / , 8?rm , e x 

V|/ + _ _ -*- + — - (E + — )v|/ = 0 


-ra 5V|/ ^ 3 2 \|/ 

V= e , =-a.e or — f 


(Jjiljjl JSLii) (J^JI jl»-U i -iy*j 


„2 -ra 

a .e 


l jit (J-CT.jO 12 J, ibUil j ~ 4j^2jl Jljuirfbj 

■ 3r 2 


2 .e“ ra + - - (- a 2 .e~ ra ) + 

r h 2 


(E+ — )c*=0 


-ra r 2 2a 87T 2 m e 2 
or. e {a- — + — — (E + — )} = 0 


Lfl.uS' cA*i ‘IajLJI UjUII jli liflj — r ^5 J 5 J 6 ^ 0 


2 2a 8 ti m 


(E+— )}=0 


6 Zd 

jl 4-1 ,«44 »— ( ) <u^illj ( ) 4 ^j 2JI Ijl |jt> OjijS (r) 4 £|l A »,l. > 

c ’ r r 

j yii ( 15 ) pij 5 j^A-« 
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2n 2 me 4 


L yi £ (16) JJjLull j (a) 0^4 Jluj uL ibj 

2n 2 me 4 x , 

j or -- — 573 -)} -1 

n n 


jIjlJI j (jjji <jlk! j»y> A^jJaj j <L»^juil yJu v'ihgl jtfjjjjJi iljbu 

. (n) ^_£JI ja-tf JL>jI i- 1 . IkSj (R) J JjJI yli 1 if! . Sjjj JjSi 

LS l ^ !j al^U! <jLll SjjJJ Z^jjjjS ] ^ ! oik)! (n) ^501 j±e 

(j! LS .... 4,3,2, 1 4^1SJl oljlail J-L6j t cjIjIjII j qi.«x> 

. JlyJI n = 1, 2, 3, 4, .... ^ (ijJlj K, L, M, N, O, P olk)l 

(n) (j_» 4_ig4 J-S (j_c il.ni.il I t OI. X . J I j ole Si Jst (n) ,Joju Lo^lj 

j LfJ (n — 1) ^y k «j ^klijJ! ol* JOej t (>;j!il! ^klij ^jlllj 

. Azimuthal quantum number ^LkJI pi) I jo* (£) &**■(£) 


2-Azimuthal quantum number c 5 j}lill p£JI jj * — 2 

— : (10) pSj SJjUII iy> <SjLillj (11) pSj <Ujl*ll £►» 

V = (ri, 0 , <j>) = R (r) 0 (4») O (<J>) 

R, 0 and UjaiJ ^ .(r, 0 and 4>) «±£>UJI j^Uji) oU iib (\j/) 0 1 

f 2 gjj| 0 

: (J. n* . I ~ o^ill j (10) <UjLJI j vj/ ill ->1! O 


Sin 2 0 d , 2 dR . Sin 2 0 dR 


d0 . 1 d 2 <D 


— — (r'. — ) — + (Sin 0 — ) ^- + 

R dr dr ' d0 dr v d0 ' <D d<f> 2 


_2c:_2n 87cm 


r Sin 0 . 


(E + — - ) = 0 


1 d 2 <D 


ajl—cjj Sin 2 0 jj—Lc ( — m 2 ) jj^JU ( . ~ ) o^s) I J^l^k pi 

■ d) d <(> 

; |J-n.>»,’) ifljl—JI iljloll 
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-19 


<0^ (1) 

R dr dr h 2 r 


1 

0Sin0 


— (Sin0 
dr 


d© . m 2 
d 6 ’ Sin 2 0 


= 0 


(jjZAll) 4 jj 2J| (19) iljlidl iu-uuJj 


r ■ tV- <P+*-)-P 


R dr 
1 


dr 


,2 

r 


m 


-— (Sine— )- 
0Sin0 dr d9 Sin 2 0 


— P 


4_>y^uJI .Ai o_j-< Lilli lifJj c ajjuu L 4 JI £l>^U (0) UjI«j J>J bl 

: y> (0) J J^JIj ‘ (jU^j jjjj 

P = £(^+ 1) 

P_SJI jjrf v_*y«3 ^Ij |m|, |m| + + 1, |m| + 2, ijUl i>-b (f ) ti***. 

Di»j . jfoil JSLi jo*JI |j* . Azimuthal quantum number <^1111 

0 j_» 3JI jfc_£JI JJl ju ■■>* LojIj (n — 1) Jiijj (n) <« L i 2lJ jjtto 4 ^} 2 jl 

ji (dumbbell) (J-^ u«j) ji i^ib Ul oljbil J5Li J J ^ x*; (£) i*a 2 JI 
p_*ji yij t sijjJi Jj_> <sj>j (jjfjh J*-* ^ 

: SJjUiU tjjMj <Sj^ 

mvr= — yJi(t + Y) 


|jf ( jJ^^I JyU JukJI J5Li £-°y *JjU 1I al»j 

yl ^ifi. (^aJu ,yJlj (Sommerfelds, assnmption) yiljSi’i Soil— J 

pJJ! JJ_P JaUjij . i^b i-fil J&SJI j oljlill 

. (IS, 2S, 2p etc) JJu isiilt oljhil jl^j j ^uSl ^1 j.i~ 
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( 1 ) 


2- Magnatic quantum number p£JI jop - 2 

yLi jLjJLj (0 and r) ,JS tiJliJI y*j (18) iljUli j [<X>] jiJi 

(jl jjj c <J) J_SJ iijl I, nil ^-$3 JSJ JL .<ill JjjJ (18) iljUll j JS £^jjhj 

7 1 d 2 <t> 

. oils' (jSU^ IjJ , (— HI ) l$jj (Jjj p~oyj OL.HJ! OjjUl e JJ*j Ouli ~ . — 


1 d^O 2 
— . — — = -m 

® d<J> 2 

: jft [£ l*iljS {£* (<D) iJjUlIj 
<D = a Sin m <f> 


L$ )l (a) <t k ul l jjl>uu jl (jSL*^ 8 JjJ>»j (O) jl jUlP*j| j i>"il £j 

jj_p (m) (j_Sj jj L* t dj_>Ij ^ u) o , j jl l^jj US I 4 JI li» uju^>- 5Jlj 

J daiiJI i j*ij Jl Jyu »_* y* Luli (27C + (jl) <t t ulL ((jl) liljjj-il jl U1L>-I jlj ^><-o 
J_S LfJ iZju^J (m) <jl >J sin m (2 7t + <j>) ^ju cx-J (Sin m <|>) a$ij <. £ljiJI 
(jl ujj_lkll (j_# oJli j3* jjjj-S oJjIju j <U^juU( 0) UljJI (j^Sj ^SJj Ij^J . jljpSl 
. jj— >J>Uu«Il ^SJI jj K y (m) m = + 0 , + 1 , 2 , .... <j^Sj (jl l-x*^ (m) 



Fig. (4) 

_jJ LxS <J|Ux> (j£L»i jJlj « JIsk* oljjJI (jjjS£]*j| iSjj»- jJjlj 

ijy£j ol f 8 j_* J— jj Ja>^Ll . ^^>jl>JI ( ^. n < l )h ljj>II JUkjJI also] J <>_w ylS 

(j S «(i >Lj j^Ij jIjj (jj jiSl jjk>j Ixi^j . (,5 jJIjJI p kV. ll — (1 S) jljil J US' y~o 
(m) (jLi oJLpj <tj\ .ji> fry-fa (jl ^ .j jh lljll JUkjJI j^jb cu#o <a 5 I^]| J*jk>JI JSJ 
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AH j L*5 . 6 j> jjill i>&H iS jJI _y> ( j ^L U*II pill jap 

j— (-^ = 2) 4i .Jlbj (P) jIjlJI 1 $ 11 »~j = 1) j Jx>^ (4) 

. Jojlx^- <* U J (f) jljil j ylD jSj (d) jljil J»jlx> i,.J» j- 
4_Jj 15 i-~ >.. njj 4jjL_JI 4_jjill jlj—c'il! 4 k.,< I y jjjl£J!>U <^AjaII oLojJIj 

ijjJlj (S) jjjJL <d j^jO £ f j i »ij Jlilbj • ®jjJI j JuSil'llI i_i-ojJ 

. ^I^.niltl djl~< £ji! Jju 1 « L ii) <Jjliju jjjJlj . JjAl! |k£JI Jjj»j >_j yu 


Spin quantum number 


JjaII p£JI JJlC 


JjAll |>£Jl jjpj 4 SjjJI j HJjill <£j->J U>Lm JjAil |k£JI jap 

i£ j>- Jl <j£u I jLiil iJLJI jl 4 a»j 1I , (+ Vi or — Vi ) p^Jl (S) 

. 4-jji_an.il ol»ol yuS Lp jl icl—JI 4_jjlic ol*ol j uj^r! <jl bii <• SljjJI Jjj> ( jjjl£L! s Jl 
OJj— >-jil Ol>LoII ^ ...tjhllAll JljKjJI 4ti..»ljJ 0 aSj> Jl ol*ol_) 

pj_<«J I Ojjj ^>jL>Jl iftUill JUkjJI j^-jb £• 4 *L>IaJI Lfj^Leliu Jl jjaj ^1 
,»tUill pj— Jl 5-*ii ol— » Vi (h / 2 tc) or - Vi h / 2rt) 

. ifebJI OAA (jj 4 jJsu«j 


angular momentum = m u r = 



SajjjiiJVI dblttl JlSAl 

LU-JI dJJSJ (A,B) J5L-UI j L*$ i^UJ (IS) JiUl gj* 

j j->j i_Jl*i»-l U4 .ft jljj-j <jUl 5 bt j_>ji 4 — ;i lj>j . ( 2 S) dU i l 3 ^jjj£J>l 

j_c jjui ^yLJJIj SljUl (jj wyj* L4 *jj>I jjkJj 4 Upajp j5L*^ L* jj^l jjSijj jjjlU'il 



SgJv jku 

(B) (5) (A) 
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Sjj^JI j_»i JSLft jj Jlii'il Lfjli P i_i^Uil JllAI Jl U>i lj| l«i 

(6) . 2Pz, 2Py, 2P X gjjt 



(6) JiA 


i_»^L*Jlj i (S) cJ^Lm}| (J— • ,J5 L jic ^ ynjklmt l JUk*J( J,ub £~*>y y! Ujjl _jJj 
(S) j yjjl£J^ll Jilt J,ub J ^ ..I jh liill JUkJI (ji Lwli (P) 
dL) jJ JSLiJI 4_^5 Ij o u ^ti jjuL»J! (P) <ju*ULp ^>Uj . ^jJIj <1SLi 
* 5l 4_jli ^ J l > »» t l jj . j oljo'il jl J*ll j b* 

ji*i ( _|5J j^jIj pd jji iiL=>! s-u^j <^Lcj . 4ill»JI iileSlI ji J^l iijull ySL*^ 

• (T) J 



(7 )JiA 
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(i) I 

Pauli Exclusion Principle JjU! »UuuL*VI iju* 

ju^iyi «JI j jl 5a_>l_jJI SjjJI j oUjj^i (jl <jf jjic 

ili £, N, M <j!AUI p£J! jlaci j LajLo yi juj . ^£J| jlael y^i i U 4 J 

»l_>Jl £_• (J***! >*) (fflS) £jlyJI j (jUlla^ (jfj 

(jjjL^il (ji .<,.*’> IjJ t( Vi — , Vi +) tfl sUfo'il y*SLft 
j-ftyJI (Jj jL- mJ I (jl£ I j|_j . (jUi| vi/UjjSfLl^ll Ji6 (j^S^j Jl^Ij -iNi^l jac (jli (IS) 
jjttf 2P yl£ Ij^j Lx^i (jU5l £>» jj £ jjic (_5ji>^ 4jli (2S) 

^Jfll joc (jj^l <JL« (jjjL k« (Jil jocj ii jO 

j_><Jj (3) (J jjL— » I I (jlS IjJj . 2P j <i-. 1 2S j yljJI (jl vil*J (j_)S~«ll j 

jj_c tjyS^t 4_ ■***,>■ iS y- *> J— i) ■ikli'il jac ji jj»J (d) 4ju«uJLi (s, p, d) 
. 2 + 6 + 10 = 18 >«»ll (jySjM ( 10 ) <j-^j * oUj^j-SJ^ll 

s, p, d, p +—i*j i <jl»IjIj_« (j-ic <Sy-i - * s i *jl juskIi (4) tSji-**13 <j—JJLjj 

^jJLSlJI >>><JI jj ^ j» 14 «l l . UP Ija j oUjjl *>1)11 jjfj 7 dbti^ll jjue jjvjj 

.2 + 6+10+14 = 32 

LfjujUu jle Ij^Jju jSSI La (F), (d) 4 L >.«>.njlt JlS-i^AJ 4 >■* ilb 4j[i » ^*jJI 
L^il^>ol ji “ij ijlLJI j 5^jL»ju F jt t (d) >i!!5(i'^ll yi y£jJb y^jL>JI (j^j . .iNiSb 

. 4iliix» £lyiJI j 

u\b 

<L^*53( LajIjlc! ^ jSl 4_)lj y_j_Su SjjJI J <5UsJl 

ix-** L.i <jy-** j (jjLj 3 -^^ 1 C^jd^I h' J ‘-W» t#** • (N» L, m) 
^_L»Lftll UltJI (ji j jni. 1 (jjyjL5J)ll 4_^J] ^ >1*1,1 (jjJ) jL-JI (jlS U-fJ JjjLi (j^Suj 
4_i..aiH_i I j_k . 3 j_>-Ij (jj_Sj jjai ^5 i_ 5 _ yi . ■» » s, p, d, f oljLJI j oUjji£J^U 

oLJUsJi J i_i^Ll>l o^>-_y 4Jli (j^_>_jjj^Sl 3j j jj_c (_5j_>i oljjJ o— ^JJL ij 

(j_l wU j J J t L*5 , ^ |» J> . l | J V P yn_Ju J 4 ill* 1 1 CL»lyl.iii>ll 4 jl>LoII 

3jj__eJ! b j a jjlc yj_£j >i)^LtS'l LiU> yLi 4 . L i I e j . doa ^Jl^-ti cjLwIjj 
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(i) 

IS < 2S < 2P < 3S < 3P < 4S < 3d < 4P < 5S < 4d < 5P < 6S 

. 4S dllill Jj 3 3P il^li'lll (jl 

cutjlj-ll j ol—SjjlSI‘^1 t - L j .’ y j! £-ijyj j ^ S >T » j^Ij3 Sac jL>jj ill j 
JJju jIoj JS ^yix*j ti ijjo 4 jUuL»JI Cj|j jJI J diljjjlSJ'lJl <_uj y ySLtj Jljdb) . 4jj jjl 
. ijjjill 4jS jjjlSJ"jll i5ll» J LuLcMl j ji-lt (jl uutijjj dilijjlSJ'lJl (jj 
: d*L*ljlil ojjs Hund o*ja ^ jiil jjj 

. silliil fjJu j 1 »jjj*-j 5jj jjic ij jlixi <jl J! — 1 

. JjAll ujij i_j >L uSI Jl Jjjj iblil j 5 j^>^II cL»Ujjl53^l — 2 

. jscljill bjj> ^Lul ■4 at~V . I I cjIj jjf j i_ijjjjj| £_ej jJlCj 

. cJ^UJI ^Jj (n) <jl > * ! ,)•» • 2n 2 jljill ejjj>y JSJ — 1 

S, P, d, f .11513^11 (jl ^ 2n 2 jIjaIL ja>Ju ^jil) diUjjiSJ'lJl jst — 2 

. ^jjjSJ^Jl dLluIl o-u L» bjjj^ iili JS j jA*JI (ji .di j jo 

«j Ljl^J (j^-5b . 6*"i ji -a>-Ij Ojj^l ^ o^-h 1 ~ 3 

. ojLala ijljAll IfJljjj <5J> Jsjiuj jLJI 
4, , j«S ejis jl oil* 4 jLuSI . f ■! _ !.»> , ) jVl jlo* Jl jlo* (j* Jijuy (jl (jjylSJ^U ,jSL»j — 4 

, olbJI (jj 

. ^jljjj (jl JjJ bjJLL* iibfc j dljlil J».t~ (jl oUjjlSJl J~«i3 — 5 
tjUul ij-jj yi (JjSl <L5lkJI (j t* dil j 4j5L*ll iJjliSl J5J (_5jjj*aJl y-J — 6 

. 3d, 4S j JL>>U ^ US ^1 oUJI olj JJiJI 

Electron configuration of Atoms ol jjU t-uS ^ill 

^UaJ — SdiUUl ej^li 

o(j_Jj I > diUjjiSJ'llI s_ijjjj Jliil (jj (Jjl 1919 j 

jiSl A iLlVJI oljUJI (jl ( d u* ’ ililiJI diljliJI Jjltf J j J ajj ( jwLn 5 !ll ytflyij'ill (jlSj 
(j j> « j jj_juJl dUjjSj (jjjjyj-£JI Jj-Lc ^ . lj ^JI jllo , IjLu ijjjylSJ^I 4 t hl 'jl 

i-i£ SJjJ 1 JIjjjj IjiUj Bydlju p Jj ^ J I jjL <_5 jj I jaj olijyjiJI 1 0 _j ^ . 1 . * > 

j (J— So 4jli . 2, 8, 8, 18, 32 ^jjjSJ^I U-syy »jj Jl J-** Uili 

. Bj j .i S . l l (jljj^l olj j«alJL*Jl dJji -1 
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ujyj y jJlC ^LUJI ^UwJ i-ljj ijj 1921 j jj»^ ylei 


. <*Uao y<L>J JUJ 

2N 2 oj! jJU y^— «J jljJ j UjJJfcj ySU^ oUjyiSJVl JJl£ { j~o3 i — 1 

• f*J (N) (ji 

JLUI jljdlj jJ! j jljuil j oUjjliSJ^II (f» jjlp - 2 

.2 >1^1*01 

. j oj_*j jlj_» Ijl^ yi J^j jljJI J^sS^ (Jjjj-oJI i> cr*^ — 3 

. oUjyiSJj 8 t jit ^>jL>Jl jloll JUlSI juu 'il jjj-> jlii Ijj^ |J luJIj 


4^i <5^31 cJ^JI j t/ 6 u' cA*i V “ 4 

. SjjjJI j Jx>^U j* l»S 9 yj jiSi (Jjj U jIjJI 

iUjJj a»fj OjjSSJI t/* ^y* 3 C5^* i/*5 j*-»l <x*j 6WJL)-V^ ( 5 jj 

• IS 1 ^yJjjSSMl >■ ; ‘ ijS jjJl (j^i 

ijjjj Jj^l jjjJt J.»jSj -iUjjj IS 2 j» <&$y uj&i* 

IS 2 2S 2 ^jJ^tyjJI illjSj IS 2S ^jyjSJ^Jl fc y i ^S jjJlj ^ ujll l y ru *. < A^ilUl SjjJI 
( J£iJI li» ^jlc (3) jilSjJI ()j&it S 2S 2 2P 1 .x»v> t5jj-*JI u .i, >S jl3l j ISSaj 

Ci ,y£p IS 2 2S 2 2P \ j_iisai ^Uj 0>ofll liSU, IS 2 2S 1 2P ] X 2P’ y 2P° 
10 J-M<U o>*o 0 >h 3I Sjj Jf J-^3 IS 2 2S 1 2P X 2Py 2P ] Z 


. oUj^lSJI 

, 0 j 4 ~ o £ OjjJ Le^l Bjjj iUlaJI CjljjjJI Ijjuj 

Ari 8 , Cli 7 , Si 6 , Pis, Sij 4 , AI 13 , Mgu, Nan 


3JUJI J (jljjjjJI JiLSu yl Jx>^U yt US . iiJLUIj i^till OjjjJl j JjlSl)l JlSLil 
(4) Jl ^ ' >J (1) £►« jljji jilSall yl o>J <ixiJj| iJUJI j yS3_) J^lj a^jUJI 
(1) y-J jiLSi!l yL* ^jJLDI OjjJ—JI ySJj _yLaJl 3JL> Jl (J-ay Jjjt> yl.ni ill j Ijjy jwj 
( j|_JjjJI 3jj j US juo ji'Sj IfJ iulill A£yUK<Jf yljjJjJI bis j (j£ij (7) 

. ^ItuJI ljj» j ioM,; US 
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(i) 

1 2 3 4 3 2 1 0 IkJJI <JUJI j jilSsJI 

Li Be B C N 0 F Ne Z,ulA]i SjjjJI j-«La 

1 0 1 2 3 2 1 0 <*>UJI j jilSSJI 

Na Mg A1 Si P 5 Cl Ar iiO ojjJI ^Ua 

1 2 3 4 5 6 7 0 IkiJJI 4JUJI J jilSSJI 

4j^ pJ (19) 5j jj IjuJj 5j_jJ ^Aj 4 jw!_J| SjjJ! IjuJj 

jyf b Ja^Ml villa] \jlaj (Ar)3d' dS pi 2, 8, 8, 2 (20) 

. Zn(Ar) 3d 10 , 4S 2 ^41*51 y»j ^ si5j (3d) 

v_i .oil I ( j- a j ljlj<~. ■«! JJ*i1 4_2Lall a_>-jJ (d) 4. ijk j 4_j i j5aJb qjj 

Cr(Ar) 3d 4 3d 4S 2 <> dJjS; Cr(Ar)3d 5 4S‘(Cr) j LS 311UI ji lili*, 
oa_A ^U3j . Cu(Ar) 3d 9 4S 2 ,> 1* dlJjSj Cu(Ar)3d 10 4S 1 ^IaJI j LUjSj 
2, j' ‘ Kr(Ar)3d 10 , 4S 2 , 4P 6 jj^SJI h * jWL o^Jl 

. 8, 18, 8 

: ^Lii ilMi JI iJ.u SjjaJI oja (jl lso-5li 

p y, ( _J— »J 4S (i_*M— ill) 4 — 4 Jail j >— J_»jL^ j~o\JiA — 1 

. P*-Jl£]lj 

Jl ^)JL»JI ij—i Ijloj j«eLi*JI 4P 4 J > LJ1 j £1 311 J^Jhj j*o Ija — 2 

. y^ojl>JI Jl ^j^ijl£JI ijj j«oUa]| 3d l^* J->j^ ^»Ua — 3 

4S, 4JuUI) jIj_ 1! j jii 5~tll (2)1 y» l*£j . (4jlli!3ll j-oluJI) £^i)l I jaj 

. SjjjJI OJA j oIJiLSj OJA ±>y 4jl JjkJ iJJ jjj 3d) 

5 Jl jiU-SuiJI Jl jJ py^M Jj 5, 4, 2 ol^iliJI i>0y jj p^j^jLJI Ml** 

1*5” 3 jA a^j 31 3ll j->b 31 ^^Li*JI (jaaj (2)1 jaJ l*£ . 7 Jl j^*»oil jj 

Jai* J*l£j)l ^Ul 2)_jS^ 31 (2hH»jL>JI l«l . (JS^jJI t (^IaJJI v oL^lil t j^jaJI j 
4_bjUI 4 _ajIj)I ojjjJI 4j.ii , 1 l* , JiliuJI jjlMl 31 1 jt >~ L i 31 ^jjjl£-JI j-ol*JI jl l»£ . 

. Ij-x1a 18 ^Ja uSjlaO ^3llj pij±a jjll Sjjj iajJ ^Ij lilJj ^1 

b^23 j 4*ij 18 IfL* Ojj 32 Lfj a*-jij wUj j Ojjj l*S^ 
i_*j-«j L-» (_j-*j 4F 4_juU| jAj Ojj 14 _j (jj^i <2 jL Ma 3 »1 . iiaUl SjjjJI ^aIJa 
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dJj) . 5d j i J jljuji 4 1 i 4 ijJliojl j_«li£ ^Aj 4 ofjjjlij^UL 

: JljJtf OjjjJI OJA j olt.llnll Otijl jj£,J 

• 4 j-auiA 6S <2jJaJI tjtjjl — 1 

. ^ jjjl.Vil.il jjjg j 5d — 2 
. o(j*;&!>U| 4f - 3 
. j*al£ jJL> pjjjlij jUI j-a up j oljj jj CjalS” ^jJlj 5d — 4 
. ujjljJI JjliJl j^jJb ^ruij j.j^LUI j.«i i»i oi jj ^jJlj 6p — 5 
103 j^Jl JjJJkJL (jl >lU jjj , iaiS Ij-Si I C 17 *5ll X>jj iijLJI OjjjJI jj 
(jl o-> « j OjjjJI (jl la-OjUl |jj . I j .^’>gl28 (Jjlas^i 4ai (jAjjolIj 

. iZjLJI SjjaJL^ Ij-aIa 32 (_ 5 j 1 >J 



50 jj J.nill ^jjlS^J^Jl > ijSjjJl y^ l * 
Ull 

: j* ^jjill 4_ijSjjJI ijjS L i..i 50 a • 1 >2 . .l I ULu 
IS 2 2S 2 2P 6 3S 2 3P 6 3d 10 4S 2 4P 6 4d 10 5S 2 5P 2 

70 j. A 1 0. 1 . 1 ^JjjlSljJtll > - i jS jlJl 4.aVfl * 


; ja £j32ll 

IS 2 2S 2 2P 6 3S 2 3P 6 3d 10 4S 2 4P 6 4d 10 4F 14 5S 2 5P 6 6S 2 


74 j. a . V qJJ jjist'J'il ojSjil l 4 . 


si i ou£i • 


IS 2 2S 2 2P 6 3S 2 3P 6 3d 10 4S 2 4P 6 4d 10 4F 14 5S 2 5P 6 5d 4 6$ 2 
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(i) 

Ji^lt 

■ -j'j (jjjJl jjuaJI ^it j_o'Jl«JI olu jl*icl" Jj_^j ^JUl (jit I 1911 ^lt j 
jl-itSl |jic „ii‘ui) _^-oli«JI cjIjLo ji jjit SiH*Jl o i» u&j3j ."(JjjJI jjjll t _ji p 
^**11 ( jitj . iJiJji* Jjjjf- j ii*jl5 (_>Aaj Jljf Jiy^kll oj^jj . 

L*5 .JLjJI J5L-JI j 1*5 (jjjJI jjjJI ( jit a u~ « »j <Lujj* j^5j LaJ *JuoJl oi» 
1*11 ) j_» ^IjL* jL51l (ja — «j (J ji jSL*^ j^ulhJI jjsj (ji Jl Jj.>< c* 1 ** 

8 Jyj*yt oJljL* ^jJl i_jj_,u>JI (jam J_*J ill j £*j . (JjiJI JJdJI ( _ > *2j ii-i^ 

. Ll^Ldl I.A 4 J jijp flj I Lt y fri l lj VII LtjjjK*JI j jaJfcjjJ^I JjJ*-j — i 
£» iSJLSJI <Ltjjj»w*jf j 1 ^ *.Aj ^jic Jjj ejjljJI j^llul) ^jilrtfSJI <_>*ljAJI — 2 
. <il*>u ^oU*JI fii^J jlot! jL Lilt , ^yuljuHJI 
, cjLLoJI 4* t*» <.« L^JLi ^1*JI l^ . A w / £* >,',»«■ A J (jjjaJI J j-olit i!Li» — 3 

1 (_ylej . <*315 oJfjl* 4. 15 . S .* Loyl (oU-eJl 4 iil>*) ijulill Lt^*j*j JI — 4 
JLi» jl L*5 i tSjXjf l..i l 5 yi] J51&1I 8 1a j* (_>a*j ^ji® k_*Lu)l jSL*! j*i 

, 1*5 ( 4 . Ah/ jt cJLot j5Jj oLLaJI <^1.5. * « ‘3y > I Lit 

; v5jjull j SjjjjJI 4a^?l>Jl — I 

xjkJ cjl_t_j*tK* JI j-ol — 1*1 1 jl (Jj^aII Jjjl>JI 

. La j$ jil5ill Hi* ( <j_ol3*JI jj oLUl j < 4 ^LSo* I 4 JI 

Atomic number 12 3456789 10 1 2 345 

Elements H He Li Be B C N O F Ne Na Mg A1 Si P 

First orbit 12 222222222 2 222 

Second orbit 123456788 8 888 

Third orbit 1 2 3 4 5 

S?' . \J J-»VI j*»LuJI 4, ji/ jt (JdikU jA>JjJjHI y A i£ U5 — o 

4ji Hyatlil! j^LaJI iJjl* ill .H / j (jj^»53| jtiy jl j5*^ jityjjj^'lll jl 

. ( 4 1 >. .till i—JLi) I j . A *. * 15}L> il ll .H / j j_jj*5J| jl j5*4j . j_yuL5 

. ijjjjJI JjjtjJl J L flU i J 4 a_Aj p dill! j 
_y*j I 4 J (jttjlAsll jlj^i5J^/l L.j L i5JilL oljjjJl 8 jj* jjj»Cl> : 4jbjlsJI oljjjJI — — > 
, j-oLl*JI |H~Aj j*U Jh^3l> (J*tj ljl» |*j 5j i SjjjJl 4 ^ 14 ! JJJHy (J ill 
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■> LjuJl ^jl, u u iSH (jl i>j US ;5jjljJI 4 j ' /' jVl — J 


t LjuU J-fey (j jJlj 4^>jl>JI oljjif j JjISloJI cjlij(ySJ| I^IS bUicj 
<Jjj_»JI j— >i L*S l^. * l i »U jL^—bJj 11* JS pjj . (JjjJI JJjJI j Ojl^jJI 

oj « »■ » ^-i>j (jL -U j i >» « I I Lie? Uftlj . CjIjjJI ijjb iSijJ->Jl (JjjjJ! 

B, A 

J jjjJI JjJJjJI j OljjJj 

U>Ls cjlj-Ldf (ji (1) JS_sJl y_j Ja. >^U ; 4jj jJI : Vjl 

t5j_>i Ij-t aiU p JS J>>Ij ol^LfJ 

(JjjJI p >*.11 5jfoU)l pwj (jj ^olj jA US IjSAj ^ulill OjjJI »JuJ u*l»£ 

. ^UfJI ^ *jJI j SjtUl* 4JSUI l>b olgj« * »« H (ji iL>^Aj US . (_jj jJI jjjJIj 

Lfji o>j ^jj^fSJIj J-»Ujj 4 ja*i]| ^UUj JU Loui Jat>-_^J US 

• 4<>JI “kjJ J o^ 6 ■ ul * :! 



(JjjJI Jjjj) ■ 


(Jjjjil j j^LulU jJI fjj Jl J.uJI ijjj SjfbUJI (1) JS-ii 
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(i) 

: jU#5l <_5 Uaj)1 b& <5NjJI : Lil5 

jLl»i (jj^Sl l j — Lc M Ij LIS’ ii>!jjJJ jiill JLu (Jjy ; oLjj^fl — i 

wLjjaiJiaJlj Fe ++ = 0.8 A° jjj^j^Jlj 4 1.27 A° = Sjj j_L3 

. Fe 3+ = 0.63 A° 

>_i .ni culjji SI I Sjj (j) (I) j j_Sj LtS Jl : <uIUI olijjSlI — u 

ca^j-SJ! by-^i S = 1.73 A 0 ^JLUI (j_ylj ‘ S = 1.9 A° LjLi 

. S 6 = 1.34 A° ^IjuJI 

J LS . jLL Bjjj jl Sjjj b* Jlau^l Jjl* ; (jjjjJI JjjjaJI j 4 JjLjL ya lip — «•> 
uLu jbLi LfJ cjLj^SlI jl>J UJli ^jjlSLJf jl j*eie 

tiiJI Ulj 4 Mg 2 —0.78 A° 4 Li = 0.78 A° Jj^U <jj_^l j_kj 

olyJI bn 4_jjjk!I Sji Ji LIS SjSJI jk j < j. « jlj LIS Isjazj Sc 2 = 0.73 A° 

• J-#—! uJU 3 ^?* J u^j uJlA^L) 

LS 4 jA-f jIjj »LL li»j ^jSI SjjJ Ji SjjJ L* jljjrf — J 

: j^lLl) ^jjiSJ^II 4 . . j jS jS3I b* 

Li = 2,1 , Na = 2, 8, 1, K = 2, 8, 8, 1 
49L0I jjj 5 juJl> objjjSJI 4jlL>! ^4 5d>iyi SjjjJI j j^sujJI jti i_Lu Jjy — _A 
. i^jjjjST^! oU L v iJ Ij otyjl b&i J! !i*J 4 t^y»i Oljld4 

jbj_^ j... rt . l , « . l l ( ^j-> L l i> ^ jJu |» _*■■>» 1 1 JJL 1— o^i : 4JjjWI olj^jjJI — j 

jj_S^ oUjjlSJj 4„n.<t«> iiLiJ Jl L 4j| Jx>y JJj . iL-Lull ^>1 ^Jx>- IjJjyjJu 

JLjJLj BI_jUI j^ib £ju JJ jjJjjSSJ^I JSLaJI ll» L jl> JJ lj j~i ..»» j-aLJI 
. liji'l Bj* j wbj 4l)jJ J5I bj^-i 


Ionization Potential »**> 

j LuO (J-Jay ul i&*i jL* j oiy^^ 0^ iijLJI oLjLII b* 

l±jL_«jJJ ji jJJ’jli- jJuoj b* y^Lol»J }Ub 4 Jjjj-jlv Ji*j 4^Lc L 9j|jJ 

(j_i (J. 1 lUjj cjj-< (jjjiSJ^i! (jlj jJloj (>4 iiUaj Lf^Lc by! 4 iilb 
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(i) 

(jl— i o lt> jlj j.'l —Lij i iilkll j ( jle! jlj-« Jj iiUJI j Jii jIjj 

y »--*■■> Lj j_Aj (>■ yj_J) <— il>w OjjJI IS’jlj SjjJI wljj^j 
o-* y_jj3-SJJ o»JLl iilUl <u*S’ l$Jb y,*bJI .y^bdl 

. (E) <x£ jjjjc JI u!L*ij (ground state) ojl*JI L^ilL>- j Sjj yj (^>^(3- 

A< g ) + Ei > A + ( g) + e~ 

4 }3?y» 4— *^b*J <tj j*ji AjUaJI ^Uvn.tl plkbJI iilia Cuutj jj ^j^-Sbj 

|ju» t 4 jJL* 4j vb«j 4j jty iiltJI ^l iwv jJ i5U> jl jii j>lfcujf ji yaSbJIj 

y^LlJ! 4 ilL>j , SjLij ii-b (_s! iilLJJ y^LeuU] lf^9 kijjL*^ y,<llll ol^Lbfr yli 

.“electron volt" (ev) 4 yj L yU)fl o+^Jb y-Hjj < JjL»JI <5,^ (>*4 Sole 

Ojj y_l yjjj SJJ y^all ji J«ai) ‘Uj^Ul 4 L u^l l" l^Jb 4jbi>JI j y^bjl iilkj 

." y^bll i » j > » > b bJLtj t y^llll y4 5JL>- l£>Lj 
(JyjJI JJjJIj JlJJ*- y^j iS^bJI yuy (2) JSLiJIj 



Fig. (2) Fixed ionization potentials of elements as against their atomic numbers 
. (Jj^Sl y^tbJt y£ 4^Jlc iilUl j i>b jljitll oljUJI yl 
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1 **ja*o»m (l) 

: jjtill l^jU Jm u 

Factors on which ionization potential depends 

oljlj^if j oLjjjj5L!^il j JuCu SjJJfcu Jjlj£ OJX 

: jj* »j-* Cx o^i} 

: 5 jjJI jUaSl — 1 

yLi jLjJLj IfJu J^—Jl 6** jl* 4 v-i- n j LfJ <jjSitf <jjll BjjJLi 

j tf . t f i . l l SjjJI jlai q L < x > jl Sj tf .tf tH JiLJI . Sjtfi-D jj£j> jtfljJI .i.tf.>- olL 4_*^j 

i-tfi** jLi Jlsllj) (<— *i>) (jjjSfJ'Jfl Lf U jtfib jdtfJ (SljlJI) SjjJI j5j« _jub <ji JJ 

. <jfuj oil* Jibj jj£j (_yalil 

: ■>.,*< II — 2 

J! li— *j . (jjjlSJ jll (J-ol) <Oj*«e JJ SjtftfSDI 4tfjyJI 4 Jl»*JJI i£Jy 

JjJw>J SjjjJI j 4tfj_jill Jfjj3j . (JJfcloJf Jj jjjoSJj itfjjU! 4ju>_iJI jl 

. JlJji (jdblt ofjf- (jli jUJbj • OrtfH Jl jl— tfll b* tJyJjuL* 

jlxJI j 4— Le J-#— <1 <jj-fttf >JI jlj-ll (j-» fjjjiSJyi J — oi 4 , jl «g (ji L*5 

yi t ±A-tf > . tfltftfJ I <j-J 4_lt ^j. .u til I 3Jl> j J3l 4i*tfi (j^loJI jLtf>- ,ji 

Cm J* 3 -** l^-*J J-^-b Ojl^-^1 ^jUkJI jloil 

6i-» • ( 10 + ) by-tuM Ji (3") Ch jjl 44 ^i 4 • (K) jUI j oUjjdJ')/l 

j-» jtf-*jtf pJ csi (J— jImj) jIjl 4 Jj itfjjJtSJj iiLoj jljjj ojjJJl 4jL>wif 

j OtfLjJI Atf-*- <ji Ja_>^U l_ui US’ . jljjtf c«bJ! Cit 4 liflj ‘ j>l jIm JJ jla* 

4_»tfj t 5j >lj)l LcjjjkaJI 4j— aJL iiiiSj . ptfLtfJl <UL> j 4i« JSi (jjtfjJI 3JL> 

• ^J b* Jij (jtflill J^-*- 

: - 3 

Ltfj (j^bJI Atf_> (jli tj-tfjj t 4jju oljiJI (j A n j . 1 wJtfSjiJI (jj ^L>jU 

(ji . LtfJ t_itfSJiJlj 4 1,11 ill oljUil j sljj U Ijjtj i JU (jjStf 

t (jjtfi jLftJI t siLijll t p j .ii i« II t ^.jtfltfjjJf Jli 4tfSjiII cjIjIjJI J 4.‘il~>«l l j^UdJI 
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(i) 

I j_* . DjjjJ! (ybu j (^>S| j-eLuJb Ojlilb Jlf Ofj*- <U^3 I 4 J JjujJI 

. As, P, N ^ U JI OAA Jjl JtaJI (j^LiJI , 1 j OJ^I (jtftyjlj y^l^Sjb 

^juliwJI (jjtaJI <x$-> — 4 

LjAj OjIjj <ja bjj&\ O-At j} *■ ! ■'■ * >• “' 5jj^JI iiUJI ii*£ jA Jj^l OillJl !+>■ 
6 ib!l . > ■ (jl L_>%!J • l ‘> viJUUI jl ^JliJI LUAj t Jjfl (j^DI ..!■$ JO cJljA^ 

• J'r 31 i/ 3 ^ 1 *> ^ ‘ijialj Jjil <> 


A + + 

e 2 

> A +2 + e" 

A +2 + 

e 3 

> A +3 + e" 

: 6 I cii 

E„ > 

En-1 

> E 3 > E 2 > Ei 

Electronaffinity 


Jail 


3_iLoJ j_ie 4 jl-.LUIj 3_jj!>UI JJiLLJI (j_* SjLp l» I J^ll 

j-i-Lj i_ij^-fedl o j * Jii j 5 jjjdl iilUlj . SjutJJI L^jJL» j 5jj J| £>jj & JJ 

: 4^3*fl aJjUII £>* ^-olj yA LA iljUail 5j jJI yj i—JLJI (j^il j^Suuj 3 jJL# 

B( g ) + e~ > B"( g ) + E( a ) “electron affinity” 

oeljJI yAfi cujl ^JjjAWl J*il 4 Jul£ <jt pfiSi <ji Ijibfc £-51^1 i> 

B( g ) + E(i) > B + (g ) + e~ “ionization” 

k-lA^Jl (ja OJ->J Out} j! LjU— U Oulj ^JjjAJI V_4j5 l$J ^pi\ yrf>Li<«J| (ji LA 

4 _J Jl JwK> LjuLj OUUdJI IjLfij . I 4 J <jjyAJ| iiLo| U. ju5u (jl 

. IS 2 , 2S 2 , 2P ] X , 2P’ y , 2P* t IS 2 , 2S 1 

jiA-Sl Lai (P) jliil j (jjUJIj (S) jlxil j djlin ui-au JjSl > ! j j> 

OU-J> jlj—ll jt jj—tfjiJI jljil) . _)l jAil JJL0 j «4j»a ^ ~ » 

ya>j_o>o Lai . 4_i!LDI SjjjJl j 0,1>I yS_»^ t y*ij LlJjJ . yel*- Ll^L> oumSSu 
S jL^j kiijj— > JjJill (j-SL^j o Lij j^lLfll <-gj« >■ » Lfj ^jJlj <LiLJI <£^ukx!I 
c>^l — > U-oj j30y j_jli!l Ll (jji£Jl J_jiJI t» (jlfci Jl Ji-<i yj i^ijju 

. (3j jll 4 t ** 1 ji-iXl laJj 
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1 (l) 1 

Electronegativity of elements ojljuiJ 2_uj^SJI oJUl 

4 l iUh)I o jjk (ji US’ . L^Jj jjjlSJ] w j->J SjjJI (J,u LfjU <xJU! wJyu 

y_* j~cul*D 4^uil OJA JjL jl!j . Jl$ >J 

i^jjLa A,L»a[ .^l]l 4_to!jll oo_jjill <LiltJlj £n-jj i j J»Lj 1! <^1531 <51LJJ jjill 

ju > UudJ piauu .j^iJI jMJ& 4^jJUI ^Jjaj Lm u i2.i yxijjJ! 

<jjJL -. 11 ^-t»L,i«.ll (JAM ^—>1— ■» >■ 4 <*-.1^3 0 Jj JjVJ 4 .^.4 oJaftl 

. oLc^i>j j LfJ 4jjJUI 4 All y^jua^ ^elUJl OJA (jj yiuu . 


VII 

F 

2.0 

Cl 

3.0 

Br 

2.8 

1 

2.5 

VI 

0 

3.5 

s 

2.5 

Se 

2.4 

Te 

2.1 

V 

N 

3.0 

p 

2.1 

As 

2.0 

Sb 

1.8 

IV 

C 

2.5 

Si 

1.8 

Ge 

1.8 

Sn 

1.8 

III 

B 

2.0 

A1 

1.5 

Ga 

1.6 

In 

1.7 

II 

Be 

1.5 

Mg 

1.2 

Ca 

1.0 

Sr 

1.0 Ba 0.9 

I 

Na 

0.9 

K 

0.8 

Rb 

0.6 

Sc 

0.7 


. OjUl |> >»>• jtj L*J5" (Jij 4 ^jj^5JI 4^jJLJI jl JjLJI J_jj>JI Ija jj jl»J 

JJ-S Ojlyj £_» la-*J (JjjJt JJ-JI OjL^j £a j|jj_j 4j,jJI CjjJ iji j yi U5 



Fig* (3) Variation of electromegativity with atomic number 
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ijjia ^tjiaia (i) 

OtH ~ 2.21 4 Jt ^ic |jj j 4 L i * 1,1 OjjJ A^jJLJI 4 j^i 

: ij* isuljji! ijlis oulSj 

HX = 360,X 2 = 192,H 2 = 430 

0. 102 x ,/AE iSLLJI jji H, X yj J5 i^JLJI j j^tJi <jl ^1* Ijlj 


: (>» <5lkJ! u i.«> (jSL*^ 

A E = diss. E H x - yjdiss E Hz xdissE X2 


= 360- V430xl92 


535UJI 


a x = och = 0.102 -y/AE 

a x = a H + 0.102 VAE = 2.21 0.102 y/73 

a x =2.21 +0.102 x 8.54 = 3.081 

<Luj*f£Ji <UjJUU ijl 5 J. U a u^Uao 

i_k 4 l 6 -* yU> 

: u i tsi j/LsJI 

( tsjs^y 1 + j -#-+) '-A = i^jLji 

m iijl — UJJ 4 I ji I 1 *j 

P 2 L« l iS . H t Vi (I.P. + E.A.) 

w ^ < 1)1 ‘• ‘ > J v L - ,< ^‘-‘-’ 

gj 2 ^iJjb JjJ *5 o 4 |ili a>j 2.8 


INCREASING 

> 

ELECTRONEGATIVITY 
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( 1 ) , 

Chemical Bonding 
-Lewis theory- 

Terms and Definitations obJix^wj oliujjJ 

^iUjoSJI JsUjJI 

(_S yJu „.n« u jl_Kl jl (^Ujj £>J jljll olj^> <jjKju 

j jjJl) oljjJI « t^u Jxtiu oOljJI 3j2JI s j* , U^„i u u BjiJj 

. ^pi j t jKI I J»L>j)L <jj»3 ^^jdlj 3ilj JKi J! 

£_» K ..UaJ jiKl jl ^5_y> <jjKj jjjJI ^I j t jKI I JsbjJI I j} 

. CojU tSj-> Jl j <jA>u}\ 

: ^auImljKJI <U*->I y oi y iilisdl ^ g\y] jl>jj 

-^kP* - <jo*i ^k> - 1 

. ^*aL j LLj — 2 
. ^*aLj — jji— <lju J»Lj — 3 
<1pLujJ ole j^xIaII jl (jjuJI 4 ■■ii) pj>3-u. £ L» LJIK . JjtKjJI ^lk . <-> » 
jl £>a>_ *— 'Ij j CM JJ^C Uolc" j«oua)I JjIKj OdjJI j . ^oUaJl 

t J_K 0^ i_Ajj vUj JIjU . " J * aU ll (jiljj V^/* j oljj £►» (jjjj* JJl6 

.u — tKl > ....» „5Ji dJiSj . jj -IKJ t <j_» oj_vlj 5j j £_• (j_» 3i>lj 5j j Jajjj,; 

. jjlKi!l JwCUlC (j! v_jKjl| ■ q 'l B 1 1 

j_«xlc >iLlj JLjj oljilKj So* i>t^ yi <lA*i j^uuJI (ji Jl jxKJ jl" jjJj 
j (tj—j . SO: vii^j4_KJ! (jjlj j UK (H 2 S) j <yUi <jjK,> o^KII 

. o^jjKJI oj^K i 

. (JjJkJI J SjjJI 4-Lwtj-> 4 jjKjI| 4jajj“il JJtf yfi SjLlC jjlK.ll I Ijl 


Valence electrons ^jlSuJI oUjjSiJj 

. ^pL^KJl JsLijJI j illjjLi'^l (j_e iljl— *11 ^_a ^jjvjliJI jljJI j oUjjjKJ^II 

, JilKlII oUjjSKJL UK jli.ll oUjjlKJ^II ojj* v_jj*j Ij^Jj 
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(i) 

o^SjiJI (jl .1 >' fj-jjjuxlt J ,nt£j jjlSJI J .sii£ diiSl! j US’ 
i*#— * ts** • ^ <y^ {jjj&'P 2, 8, 7 Jjbu 

oljjjjSJJ wJU* (jjj jjij jl (jSL»^ IjJ . U $»» JSJ jloil j o>-ij (jLc ^ISJIj 

JSui U IJlAj . jJl^juS^I (j J-»-jJ (_5jJ*i oljjjlSJIj i>LijJI j ,1) jj«Su 

. ^>Jj«a]| SjjJ 



Fig. (1) the Lewis symbol Na represents the nuclous and the outer 
electrons arranged as 2,8, minus the valence electrons. 

OJ^£JI ^U-Slj t J^jjlS |> JSJ u^ij} jyj j USj 


h o -ci: 

o o 


o o 
0 
o o 


S 


o 

o 


Electrtonic theory of valence jjlilD SjjjJI Sjj&JI 

u*ty J. o)^c ^jjJI ^»U»JJ ^jjjSJlil SjjJ I liuL* vJLoj US’ 

. <!sj^ (jySjd oljjJI iajjj IjU . 6 ^> JS £jJj OjaII 0 S>b jl*P Jj->jSj 
jl (.Sj-J^SlI oljjJI JS UJi^j i ouU ^JjjjSJ] >—uSj3 I 4 J < d^JuJ I oljUJI yl ^~ojl US 
. jjJjjSSJ^I ^^1 4 . U 1 S , , j^ij <CuU j^i Jj.a>JI j i5^»Sl j«oU«JI 

J>l_jjJI (j_^jSaJ" jil <->11 4_^jjJI i-^jkjJI (j-oJuj t JiLSjJJ <• ij jJI <j)jisuJI (jJLpi 1961 

i -jjS jjJI SJL* JJ Jj—oji) (jjjjLSJj k_>l — jJiSI jl j. iij JplixJ oljjJI J^*j ^yjljAjfSJI 

. oLjjjjSJ^L) iSjLUl (J^jlj (jP jl outiJI 

: JjJ^fJI Cm jt • wi^. >U JjOfc <j« _y* US 
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*jjay>aa (i) 

Table ( 


) 


Electronic Configuration of Nobel Gases 


4.1.1 .1.I.H oijuii (i) jjji> 


Nobel gas 

At. No. 

Electronic in principle shells 

He 

2 

2 

Ne 

10 

2.8 

Ar 

18 

2 . 8.8 

Kr 

36 

2.8.18.8 

Xe 

54 

2.8.18.18.8 

Rn 

86 

2.8.18.32.18.8 


4«i Atj 4 ItlSLi oljUdl y_» o j_$J ^>-jL>Jl jljJI (ji 

oljjJI L*i^ . Octet (,yL*S3l) jlj-ll j (8) jU_t J_£J o»JL 

if£*i i-^yhjJI OJA JljJLij 8 yj Jji X>J . Lf) jljkll 4.1 < 7*1 « ji& 

55jLilL jl ji L»jSk *\y~t oLjoJI 2_JL> J| J~o3 j*i oljjJI J*«3j 

. ^LUI ji . i,uL*UI ijjpUu Leyl (J yu vil) jjj <JL> jl oUjj^J^U 


Ionic bond Jtbjll 

BjjJI ^JuJ , Sjj JJ Ojj y— » yjjS5J| JlUJj y» J»l^jJI y» ^*11 li» t-o^ 

jIjlJI j iLUll (B) SjjJI Li# jl>1j Ojl^I u^jl^l jIjJI j jyllj (A) 
y_^i X>-1_3 (A) y_« £|JjS£J^I Jlli»l J-flJy wiljj . ol*jj3£il| <*J— . I 4 J ^^yyliJI 

il w lji L#J # J»L/yJI oi L»£ . (B) uJL^ j^li! (B) ^Jlillj (cy^b) v^>* 

0 

— > A + + ;b: or A + + B~ 

o o 

__ ^ cation anion 

■> ®^-33b) or A + B" 

Electrovalent bond 
JUtliJ y-£ ^Lill yj#L5Jl y# ( jik I uU-il_Jy^jSJl wjLjJl 

• -^k> ji J»lo 0 O* 5 * 
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j (i) 

: 

>*i- u >.>.j i_i“>C5 (j_c (A) SjjJJ jfjil 'i : ^ISuJI oLjjjISJ! jj^ — 1 

Lf) jIjl-II i)j&i (B) SjjJI Ujyj 1 i 2 t 3 jZi3 jl LfJ j£L»i 

(U3A) t (IIA) i (LA) j-e>l — iJI ^ 11 « * lj_*j . 4.n.i_.o jl — * j\ a -■ « >■ ^j_Lc 
.(B) J^lull Ji*i li*j .(VII A) ( (VIA) i (VA) o>Icj»jk«JI dlljSj 
j ijSj ji > -j l <. -Gju oL5Jj jijSuJ : 5511? Jv?L>J \}ya £ I — 2 

JLZjjJ j£ oOlDI olkJI CijSj jl k_L>^ t ji-l . yAi.Wu ZJllajl J_*>L>- 

: ol j k a JI B jjk ^jjub ^yjji'lll <— jij£>j jjjiil^l 

(A -» A + + e") Sjj-JI oa* ^ (A) SjjU jljll ^ jjjj£)?l y-JI - 1 

. (IE) jib) I iilto I_i yu <311) CytUaj,) 

iJU> xJuu <il)jj (B + e" — » B _ ) Sj^-aJI aj* (B) SjjJI Jl jjjiSJ I iiLoJ — o 

. (EA) Jill <Slkj SjjJI yl 

i_jJLoJI i_j_5jII J (B ) t (A*) j_# J_£ j,u iiol>JI Lr 5 s uLx-.lj L ^Dl l_j jl>d)l — _ > 

. iilb o Jaj bjjZI* olL> j^ BjLlc 

j j*n ^1, -.11 <L3ltJI j_» (_>•) t (vj) 5 j . L> >J I j 5jj_Zj.ll <3Lk!l cxil5 jli 

j _» BJjZjLi oik j£ OjLlC H^L^-jJI ^jj oljkvll D A j i S JI o lj.f.l l jli .(I) Sjkivll 
j-ijii j L»5 , (J-Jjii j_P BjlxC ^lilt jjSLII jjSkrf* Ij-flj (<1* ^Usull 

Na » Na + + e _ - 119 Kcal 

Cl + e" > Cl" + 85 Kcal 

Na + + Cl" » Na + Cl“ + 187 Kcal 

J-.U jis IjJ . 187 + 85 - 1 19 = 153 5*121 UtUI j ^St^JI ^U)l jj<b* 
JsUjll jj lj_*Jj jj-SOll t-i-SJjll UlkJI 4 « L it J yiU>Jj lj It ^jlj 4iluJI boa 

• J* ^>jl»JI 
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t (1) I 

: (B) t (A)^ **,*£)l A*JU! J JjiII-3 

J«ol— >JI (B) SjjJlj (A) SjiJI i)f Jyu yl (2) j J,L«Jl (y 

t i LUj U*J*, J-®Wf <j llflj i^JUl j jji 

^ <yjJ uO^ul iij_j_r»j t-itS’ li*_) jt 2 (jjiJI o^s! O' * y^N *it**>JI 

<>* J£J <^JLJf o! J-*u ,_ji* . B i A <>» 

J-* Ow 0>S^ iLJjJj (3.0 - 0.9 = 2.1) jyJI c,& li] . Jiydl J* 3 * 0.9 ^ 

■ J»k> jl^'j 

oLS^l! <djLt'il (jAfU 


Na x + 


Na + + Cl' 


or Na + Cl" 



crux fom 
;(«-) 


IOD 1 UM tCK 
(•**’} 


Fig. (2) Ionic crystal of sodium chloride 


m k + :ci:ci + ici: 


j Lajjjvj oLiSjlIj 

kii*> . CjljylL ^jic i.« L uklt 

£— * (3 t (3 (>— • J-£ V- >jL>oJI 
j otfcljjo'Jl j <3,13 

uu>yi Cy <J-> 1 <jJ~« <IL> 
<_! >JJ1— >JL LIpkj (-_JLJI 

^ -!>»>• J 3 LlZlI <i»« All y — # 

. (3) JSAJI j L* . oUl*3?l 

Mg 2+ + Cl 0 + Cl 0 


ca + :o: + 


Ca + O z 


2 . 8.8 2 . 8.8 
*^<1 


or CaO 


2.8.8.2 
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- i^S l 

O o o o2- 



o 0 o o 

: oLSjdl) ‘LolaJI oU^JI 

yj j-j* o_j-aj JL (j_j_,jjij ((j^jLS) ->y (jj-i>l (j-» cjLiSjII Oj^ 

^u> y-« j-*-l <j^tj -kt— jl -L-ju^i J-£) JLLii j 4^Sy3lju»*l_jjf£ 

<l.»*»l,,.ill oUucJI »j_» La* <.-*Jau* ill> jj ii>vSj| j <JU oUL»u)ll 

. oLSjJJ 

S>jDl 5j!j>JI oL>jj jJlp (t iI.aII) j j^ULJI J5>.«JI ^jic oyjail J Sj jj*j — 1 

<j_yl JpLk*j <^>Ij*j 4A.l fu . il i!L> j olio'll I lijl lijSj l*£ > ± * ^ > . 

, <ULaI! j IftJjJfcJ > -JUU* tjjkj 4,V>..,tlll j <1 i_iUiK* jj*l 

oLiS’ jl\ yl <j-» . 4-Jl* jl. ji g S->jj jl jlf-ojj i>jJ LfJ — 2 

3j_2j i_JLJI i_u»-jll (jjxil5UI ij±> J»LJI j~*£l ijJlc Sjlj>JI (j* <{u£> L^jjJ^ 

Jl I f . L n y LJL> j l,f '» •> ■ * ^j£J u. «jl»oil li* ^Jsjo X^ull-lj^S yj> 

. iIL.*5ll iiu 

j|_j-ll (jl Ja->iC aajLxJI jjJJI (j_* ; j ,*£ }\ < > La oL£ jll — 3 

(j^_j ( *j_ili)l y j i >l l J| dLi j j-^LII 4 l $.«< dU jJj H j l L oj 5j1Li> 

. (3) J£jJI j L5 oD^I 
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Fig. (3) : As force is applied to a layer, (+) and (-) ions are shifted so as to be exactly one 
over the other and the electrostatic repulsion between the like ions breaks the crystal 

frUI j Oj jj CjLSjII 

Jax>J till jlj *UI J jj Oj^iL l*ja£ — 4 

. JabjJI ^ JJj Jju <i£juiJl Sj^lLJl jj u!UI j^j'ilj i— x>^ll 

Jl* i^jJaS j+ill djlj^jil J “i ol^l BOA Ji» ji ^1 A Lo^i Jj^ IjAj 

. jLoSLfJI 4 jiyLUl . jijjull 



Fig (4) Solvation of NaCl in water 


l^Jlj o_> j 4_^1U! oLj^jII : <i-o — 5 

jji^l ij ‘ 

ji <UiL-~JI 3JUJI J wafjll I jjk Jjjvj j£ Ij t <SL<l»jUj 4 jlLo 3JL> j 

J_£ j Jj_>0uj Sj_> 3JL> j 3-JLJIj oLJySl jti t *111 j 6J y?j 

l fMj jJLo I 5 ^iil 0 jlll jlj villi! i L$-Ju J y* i_ilj jl sUfcJ'jil 

• ^JD^I j 




(i) 

AjlLoJI ejlli (jl ^L*il j* . viAaSj*U 5 jtj 'i I <iua -^y 'i ~ 6 

CjUjjjU CjuLj i. 1 L 1 ~ y J^>j JJ vlljj ^Tji *■ ‘ ii * • <■ 0 J->lj Sj^e J X' ^ry ^ W* 

. 5j^> ill*- J oU^^il ki]j>aj (ji JljJljj i!L> J <c5L«L«jUj 

■*■ j •*- j ‘ cjLjSjII ^ h«~ : vuLjlSjI! cj^LcUd icj— » — 7 

. j cjUj^^I )3o^ l>* JeliuJI < o^LeLcilt J 

Covalent bond lJ ^L*I)li>ljjJI 

< (O 2 ) ‘ (H 2 ) Ji* 3 1 Jl*3Tjll ^< 2 ^ ^1 

iy-iy I <j-Silj ‘ ‘i'Ljjii Wtf* ^y ^ jjSJI * 4 >«**JI oli,»jj»JI 3 >UJiSj . Iii»j (CI 2 ) 
jIjJI OLSjJ JJ bL-ay L^-l* M-S’ (jLi uSj-*- Ljj^J U 4 — t»LujJ -xle <^3jjJI (ji 
(A) SjjJI L > jyoj yAi ^j-*«H dJljU'jJl ik-djj (8 t 2) jjjfcjli-JI 

oLjjySJJ *j«j — 1 « (jjjj_SJJ j— >lj (jle jIjII !« < »* JSj (B) SjjJlj 

jjjliJL djLij 4_4 »LUIj Jj'jII SjjJI <jLi 1 * 4 ., -i L u i_jjlil]| <JL*p jucj . *-j,jjjjJI 
8 ; 2 (jie U 4 J jIjJI 3 Ij&J . L*-J <^*-jl>JI jtall JL*j^J SJ-fjJI 3 J-**^ 

■ t / 6 

A* °B > A ' B or A - B 

Shared electron pair covalent bond 

JkUJL ui lj*j 1*4-1* J£ &h J**’ (~ ) Ji** iy±y^y oljLiMl (ji Jx»^y 
l *$. A»i £* (B) 1 (A) (j* J£ (ji 4* l ii> . 1 l jj , ^jjJI J»Ijj (.SJjlfuJI 

J-£l (j^JljUl jlLU kiij _>4 CjJjJI y*ju Jj jJj * . .. I ll ^|j]| V 'X> SJa-djJ 

i^jl—nl* (j^ jilljJl 5jjj oljjjiSJ'jil (j^i t_ijL>uJ! 5_J (j_j£j jl >l i,t> w t 1 1* 4 , 1 * 

.* * «*t I * 1 i !■ ^.*1 

j* diljj-M <jp Aiili oiljj jjj s_jjL»J s_ji . JsljjJI i^iiyC c£-hj 

. < 4 *aL*jJI oUSjIU i_i yu I 4 ig 4j*<3llll oL5 jllj 
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(1) 

<U4jaL*jJI oL5 jaD jjjiiJI 

Lyj S jo L^-l» J_i! jljif t)t ‘t jj N • oUj^li!| jjyC — 1 

‘ ( «»->(* lij ^ v 1-^^) OJL/^I 7 ji 6 ji 5 jjlC ^ 

1(2(3 jj— £ wJljjLwb ^Ltill oLuJl 3JL> Jj UjUi,; 1« 1» yS yli Ij^Jj 
(VIIA)((VIA)((yA) eiA J! (jjJl . ,yjL>^| £jj 

. cM' > 

S^jJUl j (A) SjjJI <jl j! : i^jj^SJI 4^JLJI j (jjL»S)l — 2 

villjjLw] I j— $Jj ( A JI B (jj jl B JI A yj Jlsuj djjo^i M 4jli (B) SjjJJ 

. jUUJ>]\ yjAJ Lt-flt (ji jj y£j^ li»J CjDjjXfkJ^f <Lu* \y ofjjJI y^J 

L_3j£i (j) ( i ( (A) SjjJI y_i . ( jJjjjLSJ‘jll Jlji-i^ll j (jjL-UJl — 3 
£jj J»Lj 1« j ij> i_ <jj»JI oli liflj ( J,JI j Ji'Jl ^ylc ji L>it 

ji-c J»Ljj oUjj^J^I jj J^ll j (ijLtlJl ytf . l^jLtlt oCjj3iJ^) 

* A I j*! > 


: «UaaL*I)l oLS’jaU (UjloVI yAiu 

(H 2 ) Uirt-Jj-V^l 6o& - 1 


H xV 

°H 

— ► 

h ; h 

or 

H — H 




(Cl 2 ) Jj&i U& - 2 

X X 

0 0 


XX ® ® 



;cix_v 

"^ci: - 

— > 

0 0 

0 

0 X 

u 

X X 

or 

Cl — Cl 

X X 

0 0 


XX ® ® 



2.8.7 

2.8,7 


2.8.8 2.8.8 






0 0 


: t-lil — 3 

0 0 

H x «0 ° 

xH 

— > 

h;o:;h 

or 

H-O-H 

0 0 



0 0 


1 ill) - 4 

X X 

H° x N x 

°H 

— > 

X X 

h;n;h 

or 

H-N-H 

X X 



0 X 


1 


H 
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X O 



2.8.6 3.8.6 


X o 



X o 


(l) 

: 4o«aLuJI oLS jaU 4 jupSil (jpuu 

: (ji£: - 1 


x o :o: or o=o 

X • 

2.8.8. 2.8.8 Oxygen 

: Cxj& ~ 2 

*N *• N: or N = N 

X « 

Nitrogen 


: 4o*aL*I)I oLS^ll oUup 

, 4 il .a ji t iijL« i i^jlp U[ 4i3jL>w» Jliil <jj£j — 1 

CjjSj oeuuJI t^.an» » viiUyjjfJI J} li»J * 4 U i>u« jLf-ajJ 4 j*jJ I 4 J — 2 

. S^jUJI j! iiJLJI o^UJI J >iD jSj . 4 jLoJI cjML>JI j >iU jj 4j,u»« o 
Jx^jJ 4«^< w» i3 ji Itfji a>lj J UuLr j$j l*S , 4» l . o i ij ^ ^ i — 3 

j>*j| ^k-JI ^1p oL5^j>JI ^Lu< yli Ijkfjj . 4aLo)l o*il>JI j oU^j>J) 

. i)L»J! if* D-« S <« l b il yi-^J 

j 4 ^»aLmJJI oL^II ^j-UI jjJlc jjfJ . 4 ^1 )1 j^p olyill j — 4 
4_^SjpJl 4 ^uU^l)I 3JUJI (ji > * |I . . | » > . ^u*| ( C^JuJI (Ji< 4 L >it>l j^iJI CjUjjjll 

(jL Up . 4 4J . . . U I cjli^jpJI (j# cijill ^Jp >. *U3? jt J 4 UI (>* v_j^ jlII 
i-jj jj cjUSjII bjp ijj (_>iuu yL LsJ Up . (^jLj) »UI j jJ oLSjll sjp 
. 4^i^>jjjJ^Sl 4iul_y I ^rji (oli^'lll l 0*jjP«S)f) ,JSj *111 j 

ii»v i JJ iL.L> oU^il »lil j l^u|j[ Up jLjfiJI J^>j3 "j — 5 

• V 1 - jf 

. a»-lj el*Jj j iljj j^p 4^*pLulj 4iuj'il , JiiLii i>b — 6 

. <^k> A-iJj+S 5j_Ij '.~i.< l iij i>jjjll L^LujI Up olji!l 

cjLoS’jII (jLi ojL»!>U>[ SjuP a>i_7 4- j ltP (ji ^Jp j_U^ IU*j 

• oL>M UmoSj 4ji>i.ull 

. i^jySl ojLSjII j US' . <i 1 dy (jj& LfX^UUj (jli li$Jj : oli^jpJU JpUs? — 7 
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( 1 ) 


Co -ordinate covalent bond 


jAdLuJI JjIjjJI 


?-jj UjStJ uj j~ l ^ y. ^aI—»j oljjJI (j_» 5 j j : 4 ^»aL>l!l oLS^i! j 

Sjj i)-j i yj j-jj (jj ^^aL-oII Jsljpl jj • “iJjli* 

JjLjjJIj 4 j)Siif 4 Jx>j*il 0 OA Jjm . yjJ 0A>-lj Sjj (jl Jali 5 jj>lj 

. Dative bond <Lulj ^«»i...*it 

Sjj OjjL-^ oUjj35l3^1! (2m jjjj cm <^2— <LllJI <Lul^JI i^iyuj 


. cSj^'^l uj J J»*® 3o>!j 
: (JSLiJI Ij^j etui jJ! oja jj. 



A * + B ° — > A *B‘ -> A -> B (coordinat covalent bond) 


coordinat compound 

4_,)lfjJl jj , 4 > .... ~ < v » L^_jL (B) SjjJlj 4- , il nx a lf_j*l> jJ-ij (A) OjjJI (2)i Ja»-}U 

. B oL>j] j A (2 >j jjLo | » f .« 

(2)-^SjJ 4 u Jjlc Cjljj (j-l* 4_^_ji»»jJI jl Cjljj^l£JJ cSjJI jl c5j>Jlj 

. 4^*aL<uJI ^J.xUuil 4jaj|__jJlj <tulj 


2-wjjVI <LjC..iljjJl o\jS jil ( j1p <Ui$Vl o&ju 

: (NEU*) LujjSlI cjtf y* • 

H H 

I I 

H— n: + H » H— N > H or [NR,]* 

I I 

H H ammonium ion 

£-*j i>4— (2 m olj j iitAij iLuJjj y£»jjjuJI 5j J (2)1 iu>^U cSjJKlI I JA j 

Oy-i\ l . iS”jj — ij j^_a Oj^JI oUj^l£J)ll (2c» (2^»>jjjuJI Bjj j>-^ «dJj 

. L#j oUjjiSJJ (^l Jja^ *il (jAaaJI <Lkw!_£ jf >» (H*) 
jjLiJl IjJ . yi*-jL)UJ! ^^-Le 4 -LakjJ! < -* ■ .» 1 A,» li^Jj 

. (2hi_jiii Jsb^Jt j iS^juii! oUjjSSJ'^l viib jj-oj l^ji jxjSJ (NH3) 
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1 (i) 

j l»£ <] / >« ' : (HaO + ) • 


H — 0 ! + H* 


H — 0 > H 


F — B + * F 


F Flouride 


or H3O" 


^r 1 6^ 3^- L» ^ 

: (BF4 - ) o ) jjjjjjliJI jjjl jjSu 


or BF4’ 


as acceptor as donor 


: Jl Lj^Vl utf 5iU>l 


H — N* + 


H 

Donor 


B — Cl 


Cl 

acceptor 


H Cl 


H — N » B — Cl 


H Cl 


: jliwjjjJ uS ji • 


h :.o. 


n: C :n: or H — C — N or — N 


Nitromethane 


(resonance) 

(6*b) 
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:o •* s x x o: 


: OjjjlSJI Jjuifl iiHjj Oujj^jl Jj..,i^i ^j\j imiS y> 


or 0 = S 


Sulpher dioxide 


°o #x s x o “ 

»X 3 X » 

o o XX 0 0 


or 0 = S 


Sulphate trioxide 


:o: 


o; s :o: 


: SO4 oLu^jSJI jjjl Zfijjjhj • 


Sulphate ion 


(O3) 


x o = o * + o: 


0=0 — >0 


*r 0 + x o x 

0^0 T X W X 


°c° x o x 

O v/ o X X 


ifJJjSJ t Jjl>l uS y> • 
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<Luja 2 ll ■UaaL.ijII <UsujVl 

U^-U J-S cjLJjjjSJ^Jl (> . (CI 2 ) jjJSJI ji (H 2 ) j 


Lc ^jjXSiyi (jl_j JUoJ . Slj-UI (jLjjl. . . ■ 1 a »aU»j <Lulj (jljj£j 

(+) 4—>j*yt I « fl *■; ‘ LjJIS 5l_j_iJI 'jS (j_j Ojl . ,i~t j <Luljj| 

■■>* <Lulj ijj& <L Uj'lll 0JJ6 JJl* . <j*lijUi. (jojjjJI (ji |jj»j c (• — ) UJU,j 

<t»j| j ) l a^.Ak.ij (j ^SLcuu t (jrfjj J , Jl» (jl (jJ-Cj . 

j (_5jl. ..lit j, i_ft oU ^ y J I JaL_>jU LjJli . jtU (HC1) j US < L u»Uu 

a»J dJoJ . (j^jjUjSfl 5jj (j* jjiSJI 3jj j i_jjl>uJI ajl^j (ji lj*j . 

■Lu^>- UjkS i»^Lc 4 jjiSH j oLjjjjSJ^I (j I 

. 4j»*l uj 4 tvl Jj ^ !>..» ~ij . ;y l£]| ^jit ijJU* 4 jl>w (_5jS-Ij ( jjJ»-jjJ T |'il 

: j US . NH 3 (_jJa* '- r V- u J*J »ui (ji^Sj ij - i iu i <jj j 

covalent bond Polar covalent bonb 

a — : — a h -ci 

• • 

Equally shared unequally shared 

-5 

h a 
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( 1 ) 

Hydrogen bond JjUjJI 

(J— 1* (X) iaJLc ^uJL. olj Sjjj (H) JsljjjJ ole 

t (X) v jl >Jij oU_jji5JI yli . (F) t (N) yj^j^juJI « (0) 

: JLsJI JfLlJI j US' ijji yJni oyslfe JLij ole 

H 5+ X s " or H s+ » X 6- 

Diplole 

<U»L»oJI cu U I ^le (jji ,.lj^ ^ < i_jjl>o Jy>j sli! j ale 

. IlfJj (X) SjoJL 

:X^ — H 8+ + iX 5 " — H s+ > sX 5 - — H 5+ Sjz?^ x ^ — H§+ 

electrostatic attraction 

or X H X H X H 

( ) Hydrogen bond 

: Ja>5Li O' C &H3 

ijjj ^Ojcvj 5-^JU j-xJjjS <uJL~> jylSJI i i jl (> MS — 1 

• -^*0 ji*~° 

L*S . ^jAaL-koJI JsLj^I (jj oLilj v j uw ’ <jl "Vj iSiji 9 -bb^!:~ 2 

Jal_j^l j (3j__5JI £—! __**—/ J 10 y_l J_ll 4_I ijUaJI jloJU < ■» ,}< 4—51 

: , 120^a>L*4jJI 

j USj t JjLJI Jill I j US 3JL»j L < L JL» <ljo^ ^SU^ 4 jl^>_jjOj'i( — 3 

. »UI j 

j 4-1^ J^-lj OOU (jOALiill Jpbji! Jl> Jl 4jui,» — 4 

(jUJI P jlo-ll JM«3> tija_>^ I ui J! 

. JjLJI Jill! j ll^Ma y> US' , (X) 5jj ^le ollj^lSJ'Vl 

p6- 5-p 

H 5 ^ / 6 *H “H^ < '^K^ , 

/ \ / ° r Z “x^ 7 ” 

Hydrogn 5+ F H ./^pF 

bond 
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1 (i) 

Hydrogen bond J>bjJI oU*> 

iJLki) cjL^j jj >*.u j jt* yu h s y* — l 

iJUJI J 1 I 4 uJ ( ( ^j^>jjJi 1 ;'il LbjJI J*c>*J ")lj( i»jiUI 

(NH 3 ), (H 2 0 ), (HF) o-* J* ui ^ ^ . 5 JL 5 L-JI iJUJI ji ^{jUJI 
J»l Jj oy^-i ^ fjuJu 'J fl < i—jjUlLi 4_Jle (jl^jic Ojlj_^- *—>jJ 



Molecular weight 

Fig. (5) Boiling and melting point curves 


JyliJI Ji* oUSJ* ; <^.*aL«u 1I oUS^il y«uu) <jli JJle ol jj — 2 

JJ ‘ i^jU ji* <bljj »UI j jjLtuJIj 


H 


H 

| hydrogen bond 

•N;<— H — O 


H 


» 


Llttll 


hydrogen bond 


■oUJI 


H — C— O^H 


0 


H 


H 


H H 


H 


Jal—Ijil ; ytfj_eJu t yjt L*£ . Oj^- lL JI JSL i> jj-L* — 3 

JLli , oj^ lLH oLfjfdtll Ixitj o-J* (j^j 

jj-Lj J5..t1l £* (HjO) »UI oLl^jjj. d>li , ^JjJI JJj 

Ja_Jj3 »LII j 3jj yi JJ li» uS . y*UI Ji* JjjlLJI JSutJI 

. (6) JSLlJI j U5 . (> dhH*i U_)&1 ibyJl d>* y**Sj 
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H 

Structure of ice. 


• j »jl<j Jl i3 J Ji JfLsJl j jy* j jukJ ilJjJ 

u^tSjlJlj «-j,ujl_U g A>3 oUSJil : ^JUjJI odcli 

<j£ Jj . j£udl _j» ljj»j (jjjUii! SjlcL5) cjLjuJI <j* 5Jl»- J| J-cuJ 
JJu oljj . jjJLaUI SjlcUU (J ^S _pJI JSLiJl o»-b fj oocliJl ooa (y oLS^II 
(_> A ..aj . (i^jUlil) ^JLUI jS5l jl Jif L» J jj^JI a^i ol!yjj*JI oi» 

: U|il ili^l 

( jAfi iSy^i cjjLDI : olij^SSJJ 4Ju> jl AajjI — 1 

• jlill j inJjl 

0 9 o o o o 

xBex + 2 . CLl >:C1— Be— Ci: 

0 9 9 9 0 9 

4-electrons about Be 

9 9 

:ci: 

x 9 9 9 9 9 9 

xBx + 3oCi: — > : ci — b — ci : 

9 9 9 9 9 9 

6-electrons about B 

• uJL^V 1 oju^l d ^ Jj* 
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kjje . a (1) 

(_5^jl>o j£ jl\ (jl d>^ L^jumj <GjIj v^jLiS jl\ yiuo -L>jj : oljjj'rtll 4 ii ,jm,i — 2 

>iU j JUj l$J <j jljil j yjjlSJj i »i.,» ^ic 

00 o 00 00 DO 

:o + : ci : + o: — >:o — ci — o: 

OO OO 00 00 oo 


chlorine dioxide 


4jyl j)lj iilliSl cjljj jil : oUj^lU^I & jjS] jl 5 y-ke — 3 

l_fj jfjil oj^ij culjL^j ^k « .il <^jJLJI cj|j Jftto (ji . 

: AijkSl oia ,ji« <jj yi£l ji 12 ji 10 jjJLc 



Cl 

10 electrons (P) 



12 electrons (S) 


: (<LuUjJI bjpUI gjj) otu5 Jj 

P jlaJI 0^ 4^jUjJI e^cli ej -ij g33 , (F), (0), (N), (C) j-pUaJI j 
> j-oLluJI ^jILJ! Io5l*j (P) jIojJJ (S) j->Ij) k2j jIju 4 ^Jut Lii 

j jj_S”l jl i-iljil < w i>Lj £j| y_fit l i j^>1. *k, 1| ,jj tuljillj 

yj—S^ (2) Jj.i ,>JI j j_oLic .‘.LI j 4_llil y— «j . L^_ jlxSjj 
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^ (1) 


Table (2) Electronic structure of the two outermost shells of some transition metals 


Se 


4S 2 

Ag 

4d 10 

5S 1 

Cr 

3d 5 

4S 1 

La 

5d* 

6S 2 

Mn 

3d 5 

4S 2 

Os 

5d 6 

6S 2 

Fe 

3d 6 

4S 2 

Ir 

5d 7 

6S 2 

Co 

3d 7 

4S 2 

Pt 

5d 9 

6S 2 

Cu 

3d 10 

4S 1 

Au 

5d 10 

6S 1 


(y*J5| jl >lj) 0 4 jjic iJy>o lift jjpju 

j_SL»i y*!— > oJl dUj Jilt . LjjSLt) _jil£ull ^pUJ jl (j_jS^ yi y£*^ 

. Fe +3 , Fe +2 uBjfj Cu 2 & Cu +1 ijyoil oh> ^5 ^ yi 


: IfM J£1 Sjlj-JI eia _Ic jj&ij 

o2 /vo6 -jc2 -yntr xt2 ->j6 


Fe 

= IS 2 

2S 2 

2P 6 

3S 2 

3P^ 4§ 2 3d 6 

Fe 2+ 

- IS 2 

2S 2 

2P 6 

3S 2 

3P 6 3d 6 




(4S) jljJI 

yj yJylSJj (2) MJLJ tlu> 

Fe 3+ 

» is 2 

2P 2 

2P 6 

3S 2 

3P 6 3d 5 






y-L>jJ| SJl>- j. 

Cu 

= IS 2 

2S 2 

2P 6 

3S 2 

3P 6 4d 10 4S 1 

Cu 1+ 

= IS 2 

2S 2 

2P 6 

3S 2 

3p 6 3d io 

Cu 2+ 

= IS 2 

2S 2 

2P 6 

3S 2 

3P 6 3d 9 


• -kU; uj^i 

oi y£j^> oij jl j ^Siyi (d) jljll oi J^»o 


: oLfcJI 

■IjJLJIj ^jl>jI! oljlill lAuSul k_L>LaII j y,jAjJI y : Silkll 

. —788 kg mol ' ^ ^yjyoi\ Oj^lLJ! SiUsJl . <^jJLLJI 3JL»JI Jl 
Na*(g) + Cl“(g) > NaCl( s ) AH = - 788 kj 

( ijJLw 3JIL> j' ijjjiLJI iilkJI ol^l mil dlij yj <dajuuL«il SilkJ! sja 

. <« l uj Si Up jjliC Sjjl'jl! oUjj! SjjbUI ollJl tii.*! yli <A*j 

NaCl( s ) > Na + (g) + Cl~(g) AH = 788 kj 

UjJ-i V* Sjijl >111 jjJpJI ^IjaOL^U jl m il 4JA Jip JjUu yj Jjfj 

t y-^jA S^jq» 3iL> ^!jy>owb (Max Bom and Fritz Habber 1916) 
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ijjia (i) 

j ji— lS^ J j^I ai <J* o 3 iJlj 

• d«j^l (^'"k ‘ Cl2(g) , Na^ s ) <> ^jyJl <> ^y ^b j *a>u] 

Na^ s ) + ~ ^^ 2 (g) * NaCl( s ) AH = -411kj 

yjLjw (j— i >.- J L al l |»y;J_yflJI Jjj J->!j jjJoJ jJlC 4ji (ji U!_j 

<_J£JI JjlLJI (jj-S^J ; o)j.k>J) oj_» 4 Ii.iiI^j jl*!l j^ISJIj uJLeJI 

Jilt t ( _ r yA yyli) Ijut J^jL«i» ji OjuLj j jfL,) jl 1-JJKj ot |^ k > J I oifj AH 
fl j * i olj-ttJI ej_A £>yj£ud (AH) ; i. JLflJI I J_^lil 

— : 4_u^l 4JLUI j y£j C-»l^t Vjl 

l»jjj Jilt <*£{ (^Lj) jle J| (jjM : JJ^fl a jt-v.1 1 — 1 

. 108 kj 

Na( s ) — - b - -^ Na (g ) , AH= 108 kj 

(jjjJI jl— *11 £m J^-« j~>Ij J| (CI 2 ) j j - K Il jle siKij^ : <Lulill — 2 

tbjl j~S JSltj i^jyuj i J. <3U «< Jilt . 122 kj L»jjj Jiltu 

Cl 2 (g) - d ™- > C1+ Cl, AH= 122x2 kj 

yjl—jdf iSUaJ JilkJI 80* Jjjjuj . jyji JI JjjOy | 4jJUJI 8 jjxvj I — 3 

Na(g) — — > Na + (g) + e” AH = 496 kj 

J_iL»L vLljj 4 uj-^1 Jl 11 jle dy>o ;4juIjJI Sjlx-vJI — 4 

. SopLa Jilt j*j J^ib JittJI ao* i -iyjj <■ yjjiill 

Cl(g) + e" — cr (g) AH = - 349 kj 

^ U.tl Lf —cluj £_» k_iyl£ul| 1«P olJ»«JI a BjttJl 

aoeLo Jilt liyf ^yij , Jyjj^iL <Soi 
Na + ( g ) + CP( g ) - L c > NaCl AH = - 788 kj 
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( 1 ) 1 

^J^ILJI (j^ySull 4JKH olSUaJI 4 L u^ i-) L»O j 

• iSjCC* £*■> 

AHf = AHsub + — AHdiss + AHi e + AHe a + AHu 
2 

= 108 + 122 + 468 -349 -788 = -411 kj. 

150 l _piL_>ulJ iilt jl pic lj! i ^LxUl 4^ iSLUl *.i .■•»■] 
J£UJI aitj . 1450 kj ^uU3l iilUl t - 788 kj 4 J j/ii ^bJi iiltj t kj 
(jriLoJill b-iSjl 4 u >K 1I <j^ySu]| Jiltj i —349 kj Jjlj <. 243 kj 

. -642kj . <,.^1 

L»Jf 

* U*J 6<jSuU £_ylll JcUjJI (jj 4laL*-jlj 
Cu( s ) + Cl 2 (g) > CuCl 2 , AHf = - 642 kj 


ml.rit ll ^ ■ri ' tJaJI J.riLri'JI (jjj 


^ JUU, 

Cu( s ) 

^(g) 

150 kj/mol 

Jji (j — ^lj UlL 

Cu (g) — > 

^(g) 

738 kj/mol 

ijli <j— 4jH> 

Cu* (g ) 

Cu ”(g) 

1750 kj/mol 

J to 43 It 

Cb(g) 

2cl (g) 

243 kj/mol 

J L i« iSU» 

2C1 + e — 2i-> 

2C1 (g) 

2 x - 349 kj/mol 

4.^.5 brill JjUsJI 

Cu (g) + 2Cr (g) — 

+ CuCl 2 (g) 

AH (l.e) 

yiuj ^1 ^acOi 

Cu(s) + Cl !(g) -^ 

— > CuCI 2 (g) 

1883 kj/moP 1 


VJ> LaJI »_i_SjII 4 ^jLmu (jl i AH < ^jJLjuS} 4 - ^li l l 4. tjal l 

-: li*Jj CuCl 2(s) 

1883 + AH(Le) =-642 kj/mol 
/. AH(i.e) = - 2525 kj/mol 
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— : ijUail 


* jUcj t Sj_jlL j onyl &j^j* Ojj iil— »1) (_y* jU>5^l i_iLcul 

Sjj-ILJ I ^-1 _»* I ^icj . j_^5 1 ijdi jJjU <5^3 j >_ijh <..n>~ cj ii l.«J 1 %illj 

jllaji «_sLaj| jL»oj <^1«P Uij t Ifbjllail Ij jjjjjlSJI (j# Oj'wlC 

jjaS (j_j^j|j M i^l l Jit oU^jlSJ! jjLol c 53 Li 4 x tl .«,g Sx>. ^JLc U-^i» JS 
Ja2i j£*4 ijjJl jjjJ! (j_jajf OH **L«»il (Jl* 4jL<tjjJ 

: ( jL US’ >2JI v_t-eu jUkj’jJj d^jjl U ^l » (T) ^JaS y ijSjj t ^jjSjjUl 
radius T = 432/2 = 216 p.m 

(j-S »j ^JaJjl . n i 4 Jjrfll jkd i_jucu y*y«jd < J- «. Vl b Uij 

yL<> (j S«j 4_jiie.j (T) jj_jJIj j>^ L — ^ 13 ^x! I oh iiUiJI li^c jb . 4,l _ u «j 

• (K + ) <> (O jlai ui-oj jyk> jUJUj (k + ) jiaS 

d = radius K + + radius I- 
349 pm K + + 216 pm 

rad. K + - 133 pm 

iJUJI j tf_L» ,Jjii oUj^'il jllaii ijLeJf IjjJj Uilj : 4ja>iU 

j*x>J( j io-^U y US . K + = 133 pm , K = 203 pm }LUi 
rad. Fe = 117 pm , rad Fe ++ = 75 pm and Fe +++ = 60 pm 
C — 0 ji N — O i^Dll OjLySjlL! 4juia3 jiS^f <Lu)jJI jSji iUUI (iliwljj 

. 0 - F Jji S - F c 


N 4^jJU« — (O) 4 jjJU< = N — 0 iyu <iuljU 4-i.t.ilU 


3.4(0) 

- 3.0(n> 

= 0.4 



C — 0 c>jj <LjIjU 4.i.j.\ 1U SlJjSj 

3.4(0) 

- 2.6(c) 

= 0.8 


jL^JI J! y^JI o* (JjJ-lJI JjJaJI j jfjj3 I 4jjJLJI (jl Ja»-}U y USj 
(jLi 4, u ilcj [C N 0] JlaJl J_J_aU ISjJa i^jj^SJl 4^jJ i_J i jli 4ji£j 

. (0.8) (0.4) 4 a j flJ I ijy US 4ojJal ^iS')fl (C — O) ituljJI 

yk 4^jJL»JI j oyi\ <. (b) 4 j~UJU 
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ijjJiiS (1) 


S — F bond— 4(F) — 2.6(s) — 1.4 

O-F bond = 4(F) - 3.4(s> = 0.6 

. jlf'il y> (S — F) (jli JlsJLj 

? tj* jujJ 4ju Sjj <l>£- i_9 jju I jlo 

Oyi^ 3j^Sj 3 ^i .i i . ll Li . u*4jl *-&$y 3Ji»Sl 

. j£jl\ j Jjisai 3jj j! c o(j_)i£!f 


j oljjJI (J-5J ajj^-ll JiLSuJI oLijjl£W (j-lSHI jj-aJI j — >y >illj ,Ji» J^kIj 

: .jftlS^k>JI ; y> C10~ 3 J J»l£MI JSi\ jjaJIj . i^sJI 

7 From Cl atom 

18 From 3(0) atoms 

1 From the ionic charge 

26 

Sjj J5J (jjjlSJ'il (jj (jjjJI lUafi'i OjLkll o0_jyiij'ill jot • 

XJfy M i> t 0J_> ^jJlc oljjJl Jft) oUjyiLi! JS 

olj^l by] j berjJ-*** 

UJI 

Vital a^ki-JI : 3o> ^bt oljuJI JSJ (e ) oUjyiSJ'ill joc 

( ij oijai jac) 8 + ( oijj jit) 2 = 

32 = 8x4 + 2x zero 

4jJIjJ) SjkxJI 

(e ) Voj’sll jit 

(e ^^lSJf jjJI — oa> ( j!lp ijj J£J e jit) 32 — 26 = 6 


: ^ <4 i v*ii, I,! I xjjfcjjJI oUjjiSI'll joc 

iLaj^l e joc = 6 4- 2 = 3 
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LLyi joc i jj>Ij 3_jk>JI j olljjjSJ^U ^I5JI jjjJI (jj 

jj.c Sjj J_SJ (j L»l!l /jj ^5 *Sj juki j^aJI jj^ ^yL»*l t (3) 

: Jlill j>JI jjU dlljj 

. (e ) ^iSJI jic — <uaL*u j^aII (e ) oUj^sSj^ll joc 
( e ) ikjj^ll jjuc — (e) jjiSJl joe = j^klt (e ) oilijjjil'il joc 
= 26 - 6 = 20 

(e ^jiSJI - 3 j-> (_|lc Sjj J5J e~ jj^) 32 — 26 = 6 

o e 

’O' 

o | o 


:ci-o: 



: ^ J^kJI jjIUI JSLill i^Ull ^IjjJJ I^ISLSJI ^Lk^iJI Jl SjLiJ 

. (e~ j>ALm yj Jl jo* — ( e ^aLJI jo*) — - (e~) JilSudl jop = ^jjJI JSLiJI 

2 

7- i (8 - 2) - 2 = (2) 

Sjj J£J JiLiJI 

=6-1-6=-! 

: y ^1531 jJSLUI 

e a 

:o; 

:ci (+2) — 6 : 

O 0 

°o° 

o v o 
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tSjlj cSj -*^l — (SO 2 ) oy^i£il Jj . ^ 1 ^jjLi dsjjjJ <jl • 

(S) SjjJLi *laj3jt oljjj J5LiJ( 


: t5j^l j jil£dl oljj jap — 1 

6 From (S) " atoms 
12 From (O) atoms 

: iln_JI oljjJi (e ) jap — 2 
= 2 oljj jj^) - 8 ( j (iiljjJl jap) 

= 2 (O) + 8 (3) = 24 

(e ) ituj'ill jap - 3 

= 24-18 = 6 

(jjjJI <u^« 2 j (e - ) 4Jwj*^l jo* = V^JLp! ^* 0 *^ (® ) jap — 4 
= 6 -r 2 = 3 

4j^5jjJI — 5 

✓'N, 

4aaL*« j^iJI oUjyU'i! jap — 6 

= e jjjJI - e" jap 

= 18-6=12 
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=6-1-6=-! 


1 ( 1 ) 

0**ih 5jjJ Ajuol bt 


: (/U^ 1 J^ 1 O&j 


;o: 



o o 


HNO 3 (j-ijJ uj, jS’y p~»jl a 

Ull 


: tSj^l j oUj^sSJI jic — 1 

1 From the (H) atom 

5 From the (N) atom 

18 From the (0) atoms 

: UllJI liiljjJJ (e~) jjlc — 2 
= 2 ( H cjlji joc) - 8 ( tSji'-Sl c^ljjJI joc) 

= 2(1) + 8 (4) = 34 

[il 2 i-JI cjljjJJ (e _ ) jjte ] - ( jiill jjjJI) (e~) iL^t - 3 
= 34-24= 10 

2 ^jit (e~) (e ) jjj* — 4 

= 10 2 = 5 


J£-iJI II4J <tujl dsj>Jl o' - 5 


H-O-N 


O 


or 



0 


H-O-N 


or 



H-0 = N 


O 

O 


(a) (b) (c) 

e" itojSl joJI - e~ joc e ji*}\ cjtjjjiSJ'il jja — 6 
= 24- 10= 14 
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o o 


(i) 


u» : 

o o f 


H-O-N or H - 0 = N 


oll»viJJ JfLiJI — 7 


/ 

H- 0-W 


or H- 0 = 


. Cll 29 (_^L»jJI j BJjjvjil oUjjlS'jlj JXC ^5 a 

(29) 1 4 lilZ^ eljJJI j jil jx-c ( j_Lt Jj_,j (29) i5jjJI 

(63) jj-kJI (j-» I oUj^Sj^iJI JX-C t jljJI j 

; U5 cjUjjjjjjJI h_iLh> ij&*i ifjjJl 

= 63 - 29 = 34 

• ? ojd^I 40jj5>h (22)t 19 l 5 -ill • 


A =No.P + No. N 
= 19 + 22 = 41 


a = Al 1 ( 3 3)27 (III) * b = S^(II) & JS 


.K]9 <J 5L£J I 


_ c (2)32 . 


a - No ofP = Z = 13 

No ofN= A- Z = 27- 13 = 14 
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: 4 jSj~t.l t jjlcj 

13-3 = 10 

b- No. of P = Z = 16 

No. ofN = A-Z = 32- 16= 16 

: jj> 4jflj.il 1 jjlc 

= 16 -(-2) =18 

j oUjjjjj 10 <. ijyJjj) (9) lS^JI (F) j^lll fl*JI JiiJI y*L» . 

^ lg (j j !>.,> <_5 j 1 1 jjj'i <. j M». il b viUjSj c iljjJI ^jL> objjj£JI 10 t aljjJI 

. 3lyJ) £jl» 24 — 30 t oyxy. (26) 

UK 

. (F) 4jla1Hj 

Z = (9) ol5j3_jjj]| jjlp 
A = No. P + No. N=10 + 9=19 

Ijj 9 (JjLjU 10 <J -A j (jjjSSJI ejl,»j j^Lc <Sy>^ 1^1 

ole_j (—1) <i»vJj| 

charge of ion = Total charge of (P) + total charge of e - 
= 9 + (-10) = - 1 

. F9(°i) j^ill ijyi jtUJI JS4JI Ci&J 

Z =26 


A = No P + no. N = 26 + 30 = 56 
(+2) 24 Jjlifl 26 cijUjjjjjJI j ’jj ojl^j yjwJ t j| 

charge = total no. P + total no. e 
= 26 + ( - 24) = + 2 

. Fe 2 6 (56) (ll) _ja (jyi pl*JI JiiJI oj^ij 

(62) yj (60) 4j ItAJ^I (jjlbuJl) 4. A l l I Ij^ale jtjll >■ ; tlfTI • 



• o jyyn 
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(i) 

y_S*,> 1*4 >« <J— SlJ a JjS IIj 47 iJjjJI JJjJI Ijj 4 iiyjji 47 lj->-W OOi^uJI 5tS 

oUjy^uJI jjh&j jjic iiLoLi dUjj l^yu 

A = No. P + no. N 
47 + 60 = 107 

= 47 + 62= 109 

1<4J j>L«Jl JSLsJI 

Ag 47 & Ag 47 

AjUrfj _J— 0-JL*J I j! Ijj 9 j. ^U^UU _y*L» * 

: L5^ J 

; 24.99 iiaS Mgf| - 7.10 t 23.99 iiaS t Mgjj 7.78.99 

. (25.98 ilaS) Mgf| jifcill 7. 11.01 


«■ > £**JLj ,J5J A jhS lI 0 Jj>^JI j j OJjJfcj ix-J 4_J J-OJ 

.^uu 

= 0.7599 X 23.99 + 0.10 x 24.99 + 0.1 101 x 25.98 
= 24.3 1 units. 

I jkAj jJUsu 5 Jiff yj Is^liu jjic 4j S uJaJ! j yJJySJI 0^ ^1} 

t JI^JI ^ eo^.j 13.003 ^UU, 12 ^ HjU! lj| . Cg 3 
j C? <JJ! L-*j . 12,01 1 y> tSjill yjjJI tjjj 

• tysyWf OyjZM 

1>JI 

: j>j uSjill ojjil JJjUll |»)jl> o u»L 

.Cg 3 Alas' x Cg 3 u_^ySJI j>>j + Cg 2 liaS x Cg 2 uyij£i I ->>>■_) = (ijill oj_jll 
. Cg 3 j yrj o-J ^ (1 -x) Ijj 4 Cg 2 ■kjCa ( x ) y>) 

x (12.00) + ( 1 - x) (13.003) = 12.01 1 
.*. x = 0.989 

O^ySJI j»j j>J jikj jj » -ji 4lliSj . 7.98.9 ^ L^jUI j Cg 2 j_p-j i**l Ijj 

. jJlfejJI (J* 4 ? U Uibj . 14 


-83- 




tjjjJl jj}\ { jlfi 


ji...i,>.ll fU ..Mj y.j+S ] I t-y — r> i 1 k±jl_xjjj S^aLib pi XaOL . .» I (j5 l*j Ju^ (j*j — 1 

. SJlkU p5bJl ISLuLSlu <x-wj p ^i’i j UacLJ 
5 jj QL-jJj j j —..■ all lj », '»" » .,>1 o i jS V j-*y, — 2 

; >_juSI — 3 
gji I p£Jl Jlacl - i 
. j I j 5UJI poc I.lu — >_j 

jjuc dJjSj (_SjIj_ 1I i_xjSjjJI ^j_-Luu > 

All 4 I J ^1 <_jaLUI <LJL>Jl j ja—iUl ijuLjjjiSJ'wll 


j ,jjj3jSJ”-ll L-eyij jIj- 11 j-i*i i_L~ o j <UjIju jliiuil (^SL»j 4_aj 5 y,u — 4 

. jbll 

• (*>^11 Jjdlj (R) OuIjJI *m> JS ifjjj J 9jy ^jJI <5%Jl jxJll — 5 

n = 9792208 j->L ijjJlj <jLoJ J»>J iuJljuu^ll (n) i jji)i >—*.•■. » • I — 6 

. (n = 1) dj'il jtjJI Jl ktii Jlxul jJifi cm 
: {j* »j y>y> Jj^ll jIjJ.1 i _ i-^C — 7 

n = 0.663 x 1 O' 38 js, p = 3.1416, m = 0.21 1 x 10" 30 kg 

e = 0.16 x 10~ 18 , n= 1, r =? 

(J 2 kg' 1 = Kg m 4 ) ; (n° = 10" 10 m) & UU 

; (j£. 4- i~5T I — 8 

. oL5jll u £ Jsljjll — I 

^j»al -■■~H i < 4.j< i.i>liuJ[ oLjSjIIj ( i. nl ll oLiS^ll tj&lyJ*- — 4_j 

. ‘Luyj'i I 
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jjUa jjua (2) 

i*Lal\U LaJI 

Solid State 

jl_ *Jl jjJ_> JSL-JI OjLi 8jl» (jj tjj* . LfJLi -uLoll 4 JI 0 JI (j5L*j 

t sol II />_» 4_iJlill i_JL»Jl ^o 4 JI 0 JI oi»j . d^Ultj 4^i ,JSLi 

ajj— eu (j_»J Lj ^jJUl I j . a j . CjlLoJ! i)L>J!j iiiLJ! 4 JI 0 J! s LiJ ( i)L*Ji 

. 4^1o 

(3 jJ! j_»j (jjjiLJI ^jjJI . Jj^ll ^AJI . pLol 5 jo Jl ejlll (j£j^ LA 
. 4^1o 1,^ hjl-tj JjO 4 jw!>U yAlo 4 i»lVil« i!L> j CjljjjoJI ji CjljjJI 4,0 

j »^ll iZJL»- j ,j£Jj 4 jLo Lfjlj l$J (,5jaiyi Ji-lJI (j* kiyi jljll qaiu -^yj 

j >-i. ..t jl ^Lo-jJI oLi^jo- ji o.uuA . ^LojJl villj J'Ju <uLaJI 3JL>JL 

(j5L*^ ^jloj amorphous ( BjLull Sj^aJL JDLj pLfcujJ 4JL>- 

Oj&i 4^j 1LJI <jjl«ll jj . 4-yju 4 jA If; ijijjjSl d/^lloJI (jj <_>Aaj (Jy (ji 

. oUyj^JI <— yjjJ Ji- (_yJo oljjJI gjy J£-S ^^Jo tyoy <— ^J^jj 

(j) a jLx&A . i^ji^lLJI _y—C jljilj jljll (jjj 0 JO olijUi-J J J*y 4jl LA 

Ji-h j|j_ll j L*jjJ t 4^jha!! jljjJJ 4« j jJI 8JjJO*j (j_^Su . jlfA^I 4jaJj kijyjk 

L-cyl (jl LA . Bjlj *<11 ol>jJ (j J £Xt X»-U Jj 8JJOU jfO jlfA'Vl 4js2j 
'J 4—^Sjy^ll jljJil (j_t (J.i *><11 ^j_lo i gjjM Lljjj OJJOsi 4_>jl jj-Lj i^lLJI jljll 

. HjK.ftll 8 jo l>b 

aj-A i 4_,u^k]| ^Aj 4 jwI Lfi» ; 4.1,1^ 1 . 1 1 jIjII (j jj ul ) ojjjo -^>yj 
jjLvjJI (jjj*j j t 4 jLa!I BjUI cjLu] (jj^xLd (jjoj«J tl ^i SLlI j ^ j 42^DI 
^jlo (J~<x>j oli^jod) ^oljiJI ^jwji^Jf (Ji-J! (jjJ . dsjoJI j ej_jo>jII oljjU iIjMjJI 
olj^oJI jl olS^joJI j olj^Sl jl oljjlf (j^4 JajjJI ijjj 4j«jjJj Jy> 4jil^ olijiu 
4_),A j—>j3 MJuJ . ( Jj . l >oJ I j»IjJkx_I (jo 4 x >L f iil If) 4jyjkJf ejoj . l^. A.» 

iti.jV . 4 _jLo ~1 t ~'l iajlovt j jo-Ji LA . (J^looh Ojikll 8jUI fjj 6yj L g 
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"il j j l-»«j * 5 l jl ojljjJI (j_» (jl J v i l > . ll l 

^Uhl^I J - jl-fc'l l JUJI j LSj . oljjjl si* iuj i ji . jS y* 

(N3NO3-FCCI-H2O) jj_ll I j_» j <j* J»is LojI 

j jl iyi-M j CT, NO3 , K , Na {j* _y>j iijjkll si* ^yic 

bLlj JSLS j sj yj?y oL^Syil si-* y-j ijl <j_£ SySi ^ C&J ■ V< j»j*--> 

L-ljJlj ( ^jij—,..!) si* ^ >. > jl . KNO3, KC 1 , NaN03, NaCl 

Ij j ko , ; jSJj liiLjS^jdJ ui^l yanj J*J I»2j Ua*L«j 4 -lLoJI 5Jl»JI ^ic 

. > Lilli j^-cu j <L-.Lll jxijJI Lc^l 


Proporties of solid (crystal) Oj^lLJI 

: US’ jL*^l^ l+>-j£j i-iy* ^.j^UuJI cjli.nJI si* yj yA»j 

1 - The shapes of crystals olj^lLJI Jli&i - 1 

l-<— £j> i_iix>o jSij Sjijj <a~o y-jJ jIjjJJ J5uiJl 


(jli JjyjiS y« JjL*vjJ *>lj 



Fig. 1. Variation of crystal shape with 
conditions of growth. Gypsum, 
CaS0 4 .2Hj0 grown (a) slowly and 

(b) rapidly; sodium chloride grown 

(c) from a pure solution and(</) 
from a solution containing 10 per 
cent of urea. 


l>Jj <j J^il a l i 1 < u 3 1 j . La y*j olll>o jl 
ilj_j yjj . cjLaSU 4jj* ^jLe- jjSuu <j| y^lL 
( 3 h * ,i <— ili y-31 S UM » ty cSl ‘■ - ‘- jli . " y jJ-> 
jl l_ u.ol 4 4 jujj Oj Lu . i l > - a * ij * olj^LL 

L*_jxjj l — ^ jUc 

<— >i lj-»J y-jj 

Qjljj H i yL_5jJ . — *1 ‘ ~ 4- ij A (3~t* _3_« ij 

Oli (gypsum) CaSC^HbO ^..i^l 
(la) JSL. i l-j. J£i olyjlL (jkwj 
*1* y>l ^Li-1 jjitoj <Ol US' 4 

Jli— il . J — jjtj (lb) Ji-S J L*i 

UUj jjSj Ujj j|_jll yA«jJ olj_jlLJI 

^ 1x9 . fSl Sjj_Jall j iSj->-l 

S— if* ,ji* (lc) Ji^ 5 Lk«j Jyjyli 
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AjLjd jLjUfl ( 2 ) — — 

Ji— -Jl 04l i .»4 (Jj^jlLJ! JiLill (jl* L^j_)JI <j-»'/ 10 Jj. >j J_lc (jilj » 

Ji-Jl i^jLlJI Jjic (^LoJu^l J.rti.7 l^j_yj| yl J uuo l l yj 4*i,}> 4 (Id) ^lill 

. jjlillj p_^J}«aJl CjUjJ >_jy — jj 4 juLc 4 

2 - Cleavage jiUrt! ; jlii»j)/l - 2 

jl 3 -Vu (J_j— 3_,ij_ji]JI SjLII (jLi 5 jl_> 4_)L ou^« Ej^UL> yj <kLj 
cjL*L>uJ J >i> a >^ j.i iCl I (jl >i y JlSui'il <UjUi« 4 5 j^a-o ^JaJ Jl j- *- tf~~ 

^ _yji joc (jj uoSJU li^II SjjiL Jllj . jlLU JL i_ij a 3 sy*UiJI si* . iuU 
JjU (jlill j .•=.. • J jb ( _ f l& Owi a i OjjiLJI si*j . 4j^.n> tf Lai yi*^ si* 

• c'^' 

3 - Anistropy (ulo-JI) oLaL^jVI - 3 

. 4_iil>JI O.L*L>0'il j 4. jlj> .< CjLjliij 4_jjjJl.il I jlj_i| p..Ia*« CjljLo yJLliiO 
<_LcJI s i»j i 4ill>>.» oUL>j! Sac j 4*1I3 k» oLcj_»j SjjlL J^L»- j*j 4 'AIa) 

cjL*L»uJ| j 4 jhsK» 4 _^jIj>JJ i»b 4ili>JI < i l_ 5 ^*~J I cjI j 0 jj.ll.iJ I (ji Jj Jj 

(j-£Jj I ,/jjl* (j j^J Jt_>lj sL*uJ J »bj 4 - i Jlj 8jly»JU (^Lo-^l 4 Jilbj . 4«J X* il 

. v^j i W . A jl u*ytLt 6j,jib ji-'l/l sbfcjjl j SjjJU 


4- Isomrophism iwL&l <LujJI j jJUUI - 4 

j 4^LiaII o _* fiA jy»j E.Mitscherilch jJjia.x* pJUJI ■ks-'i 

Ojj j jji__»j«JI Ojj J*. li J i £j^> KH2PO4H2O KH2ASO4H2O i—ySJjLlI 

<LiJl»illj 4 -J^IjulII 0 L 0 JI si* Ji* 4 (jjjjlLJI JiLill ^-^SJlII y«Ju U^J U^iij ^jJjjJI 
JSLiJ I li_* yn. ij J liljill ijj JAC JsLujj ji£ ^T‘m .<{ 1*5 4 4 jjuJI J JilxiJb i_iy*u 
(ji US’ 4 (jjj^- H .iJl Ji 1 .ill (j*ii jl*» 3 j 4 Jtc JsLuJ'il li* yli 4 5 jj>Ij ^jJLc_j 

J_^j Ul li* , kiiljiJI ujySjil 4 ^jl u >« ^> JI 4 «j ji>l l jjJLc ,.u~u>,i 'i ulSJjJJ jj^UbJI JiLill 

. JiUi 

(, 5 Jj-li# 3 l Ji— ill yoil i>lj ^yjJlj jljll si* Jl> J Js^muJI Jiill (jjj«j (jl {jSLlJj 
JiUit Zn O4 ^UuJ , 4 JL*ll (_j— ii-> Jlxij i>l 3 U o jLc 4 jH t >«^ivJI oLLaIIj jl>IjJI 

. (jijju JiLl L»*Mi) NiS 04 
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ioLftflUaJ (2) 

5 - Allotropy and Polymeorphism : - 5 

. BjljjJlj k«.J>ll yj 4-el»- L.~ i 4.tl*.V.» jy~0 Jliil 3 jlyil yJuu jL»yj 

-uLobll <aj_oJIj i_j jju SjAltJI ejjk yli i^jylL Jliil e j jL»yj SjLo yt yi9 

LtA^Sj ^yy— Jjj JiL«l yl i J^yylL Jliil Sift j jL>y^ OyyJ&l ^11*3 . 

i—yylL Jlfuil J 4_oiJI yj| Jm ±>si wUjJ . (4,ul*jJSy i^Ljai) 4flll,>.< olio 

. JSLiJi yl Ji» 

6 - Enantiotropy Sjl j>JI culSJI J*sfaJI - 6 

i_5 J_» ' ic y! 4_ulj DjI y_> 4_>jJ jJlC OjU J-oLu J£ yAy yj ^yjJI f J lA 

(^yyiiil liyjjSJI Ji« . ^y-ulinjj yyS^ y>-^ O* y^illly . BjlynJl ol»-jJ yj yjj «j 

yl < _ # j — i Ii»y . jIj-JJ c5jIj->JI J-oPH <j4 j^jJI IjLfl Jll* Ua!>15j , ^JyjJI 

. tfjjiuj JJ JpOy j^aII iljiA* 3jlj>- cjL»-jJ (JJj -lie 

7 - Monotropy : j yill J^tUI - 7 

bJI JjlC A j . l . ^i ljJI Sjy-aJl yj Jail Jl>Ij Jye>-j J*J jlyJJ J-ollJI yj ^jjJI li* 
oL>jJ (JJ-* j 4,..jl,.^l lj OjyuaJ -X>-ly yAy iijLJf flyy-aJI yj yaSjJb y^ii^ My 

Jl_ ijj BJyijj 5JL»- ij BJJJ»J J»J £^lJI lj* ySJy ■ 6jly>Jl oL*-yJ yJJOJ yjAjyj Syly>- 
Ojy_o l. >a*>lSj ^^AwJJuJI jyi jyiJl y y Ji ^ j Ml jyt ~*ji ill 4 Jyiil! J_<aPJI yj £^ill Ij^J 

yyJjSJI jy o yj 6jy^> laA^Sy 4iy3ly»Jly y*lll 4 B.X>ly Oj!_y>- ol>yJ J.'iCy aJ-pP 

. J nA . Ji . H y i->yjJI yj i,)jUI cjyyUI -lie Ojju LaA^ISj 

8 - Dynamic allotropy J j^all - 8 

Cjyyj-£JI y> .,IJ L« JJlA> . (Jll - Jl Cj^yj£]| j (_5yj OLoLlJI Ojy_aJ I ,> ^Ul la* 

Bjly>JI 4JVjJ UlaBj LISj . (SX.) <aLob Bjy>oJI BJJty olaLj yuo\ ypLn JJ y^-ooj oli 

j|jj-3 iJLilll yi—i dUoSy (j!ji_ol J»ii) yi_ol yyj Jy»ou ^Jy— yyJJ! yli JjLJI tj^J 

• (Sp) 4 _pt— JJ iJLob 4iy>-i Oyy-e J_p.y JJ ^>y,( !i»y 

SX ^ Sp 
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jjUa Uaj (2) 

O— >Ij J^^l (jj jj> yjj ^TjS^UyjJI ijjlil Oj^-oJI oia 

yl >—>—> » ,; pLtuJI I j_» ,Jlj . y^lin^l y£j^ dL lj jj Jjjvll ^jJJI JJ 

. oljli jl JJL< £^i!! Ia> (jl Ioaj (^ojLjCu Oj^i 

9 - Unit cells and space lattices ^SaiJI £1 y}\ b^LxIl oj>j - 9 

. a ju-SLlllj i— ol_^lll oiiyjjyJI j! oU^^i jl oijjJ! yj joc yj cjljjlLJt y^£a j 

l ySLoZJI 4_*iaJ J 1 1 y_J_Soj *j4uA) l <UL>JI £y j£j£ J->- JJ 4ju1^j ljj»j 

(jl _J_»j (jj mg I_i.v_^,l I.) Jtj y^ljlJt I j_» . JS—2 OjySJLi j 4_o| jla 

. IfjLil 4 jLj iiLL> JSl l>b (jl JJ Oj 'Jj,! " i I jl Oiljyj^kJl 

<djfkJl I j> t mJu£ 4j1^a ^iej jjL>j liijU i»b *ljuJI ji ooljjJI 4^.1. >.c jli U^jbfj 

vijjLj j I $ ..»j*i Jjju 0 j jH.11 4jl . » Jl 5 J_>^j i^iyj oljjJI jl OjLIjJjJkD ^JyjijJl 

L*jj jjLkj jUj ijjljlll vjjyjljSlI J£i jj-b cjIjl>-_jJI oia . Sj^lL J£_S ^y U oll jLoi 

. <L>jj 90 (jjLu *i ji 90 (3jt-J l^ljj JLlliSj ji y^Si 



Fig. (2) The unit cell 


jjJaJU U^..‘>|>|) ilijl—xJ! eaftUJI (jj j_)Lx*!l Jjlaj IJjyJl 4 j^ 4 yjj <5jL*Jlj 

i^lL Jliil Ouuo ^bj^b J li>j . oj^IjU <ill > • cj“il£-il 

-4 i JjLujU t j. i l ) i«« - 3 i JJll (Jjl^l - 2 i IJj^JI jl ? 1 * * 1 * ~3 
j 1_*5 — 7 t l^b)JI yJ. Vn — 6 t — 5 t IJj^l 

: ^^'1 JjjjkII 
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jjjuajjufl (2) 


Table (1) Seven crystal systems 


System 

Axes 

Interaxial angles 

Examples 

1- Triclinic 

a = b = c 

ex,* t:B 4 t:y 

CuS0 4 .5H 2 0 

2- Monoclinic 


ex, * t: y = 90° 

B> 90° 

CaS 042 H 2 0 

3- Orthorhombic 


ex, = B = Y = 90 0 

BaS0 4 

4- Tetragonal 

B9 

ex, = B = y = 90° 

Sn0 2 , KH 2 P0 4 

5- Rhombohedral 

BB 

ex, = B = Y = 90 0 

< 120° 

NaNOj, 

6- Hexagonal 

BB 

Ex ,* B = 90° 

Y = 120° 

HgS 

7- Cubic 

a = b = c 

ex, = B = Y = 90 0 

CaF 2> ZnS 


i Oj-Ae Cjlj^lLJI CjLyS’jjJ (J^LvaJI (>*J 

n». 1948 jJL_*JI ly ^ SyLe injjSl ^ly^l oi* . ^^SoAJI £lyJJ 

: JliiSl j ^ly^f oi* (Bravais lattices) jjy L^i <*~.U 



U4 



Tficlinic 

(P) 


Meoodiaic MonocUnfc 


<PJ 


Q O 


Orthorhombic 

<P) 


CD 0 


Tetr*too*l 

_. IP) 


Tctragooat 
0) 


(C> 



Orthorhombic 
(C) 



Hexagonal 

(P) 




Orthorhombic 

0) 


Orthorhombic 

<F) 



Rhombobadra) 

(P) 



Cabic Cubic Cubic 

<P) (1» U9 


Fig. (3) The fourteen Bravais lattices 
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Summetry jwUuJI jl jiUDI 

(ji l*j <0! y> Sj->j j jjj> _ yll Jy> 


4_jjikif oL»ji*il (jJ> io j UjaLk^ Ioaj 4 oi>j j JjLiJI 

ajjJI JJUill £>a iiyJI u! cm ^ 1 * aJj» 

oi»j«JI . SjjLU ilxlS' ^ixnj I 4 JJ <,ji>JI oa>j j ojIj jJI gjy ^jJa » ^.^>11 ^Sl.j 
. 4 x al m.j <CfxLiuu ^Leji j 5 j^iljJI ( jl)l 

: soft jx>Ij JJUill OjI^uLc (jj £jjji J->j,j_j 


jlfijj^l jS^ — 4 JjUill jSjj — 3 JJLmJ! ^ tv .x — 2 jy-* ~ 1 


1 - Axis of rotation jl jjjJI jyo - 1 

JjSt *'l jl L^IjuJI ^xJu Uuli . L»jj>u jjjj SjjiL Ljjj-ou 

<ji y_SL*^ jjL>vJI oja a o-jj 360 Sja>ljJ! SjjjJI j oljj Sja j^h <ji c£*i 
(jljjjJI a 5jj_lLJJ 6 j 4 a 3 a 2 3 _^jk<J! gjy^l » j* Jail ySJj oj^ja uj^ 

. 120 = 3/360 JSL2JI ^ ojSs! 

. J3l»HI 6 a 4 a 3 a 2 yljj-dl £}&i (4) 



2*foW 3-fold 4-fold d-fotd 
Fig (4) Axif of rotation 
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4_ji ytf I iff lj_# j i 8 i 7 i 5 d(L}isJI J-»yj U5 

j_j_9o jj (ci/L^t) LjCu y. ■ .,«.> ^.a) y ySj yi j Jj*jlf <|jj>Jf f-» pJUI j jua-yj 

j 4 liLuIl jjLa^iJI jj liiLiis (>SL»J (ji 4 (JlJuS’ i,)JjjL>- <SL»u~<) jjt»io 

jj_>«jJI litLuL 8 i 7 i 5 ^a-c j t 'i' | . | -'* | ^lj . Syj UJl j j->yj y£Jj £sj>J! 

yjyj y ^ nj .iLJj JUu . jl ijj £>jjuf j isii lift {Jjj yf yiiJ “il <j| (_jl yljjjl) 

y-S L * j y-SJj . *^1 (Jj L .». ~ .t y- Ji jL.i.a j! t Lfjjjf JjUj 

. ^lill yaa^tllJ! j 9^>J Jy>-j yjJJ u i ^j-fLiio (yaUdl) jj.l!l li» 

2 - Plane of symmetry <_huj}G)I j-Jsui - 2 

*j— > J-5 yjU L «■ ! » yj I ... > ■ JJ SyjJJjJl (X— fc> ^JaS^ y5 jj Ij (m) ^Lu* UjJ-oJ jj 

• ®fy* J ^ ®J3~° y^bU (JjUjU 



(a) (b) 

Fig. (5) Planes of symmetry in cubic 


: jl Sj jVI jS yl JjUill ySja-3 
3- Center of symmetry or inversion center 

^Laj <jli <laiuil 0 !iA J^L> y*J -Ll» Ale . Ojy_aj <Llj jaL JjLiJ! y£yj 
<U j_* yj JjL*jJI jt 4jy~J» -Jl jSyjJ . UJuly>JI (^jLoju CA>tiL<J AX* (_5j_jUU)l jrvk-jl 

UuU y-5jl! > ->-J>lj SyjJ Ja > ^Mly _jJ y>-l . jlfjy'jil ySjjJ C— iy*ij (0) 

. Jatilf yi^l ujuI»JI y^yl! <>* 3il-*J Ait JUUl* <Jy>i Syj JjlJj Oj— < 
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AjLall U>JI (2) 

<j_£»Jj MJU 5_,jJ oLiilj^j (x, y, z) (ji yi 

(-x, - ^ J cl* (6) J<LiJI j US' (N) 

U (N) 3jj II ill oiljjfcl y, — z) 

(jlj_JJ X— .'■£ * J |j_Aj . j >■ 1 v_ijt >JI 

Jjl— *lll jS’jILj j-Uillj (N) a jjJl oLa}Ix*.I 
(j_SLjj SjjJL! •UajJjil cjUJIjj»- > ^I (jli . oj_j*ll 

|j] , 3 i!>UJ! Ja_2i jj Cj <LLl «xu 1^ ‘jj*~ 

Fig. 6. Center of symmetry iXh^ 1 o^ikli ^U^LJi 

tsj > JJ f i_i-ouJ! 3ij*l i_il£ o^-i 

, JiLlJI jS>j uljJ J 

(^LuJaJI rla) J j>*aJ I ^11) i—u*jJ jxju 

Determination of the structure of rock salt 

iuxl'ilj 3,i ij ..ill <cu_li ou3 p^p-eJI i-jySjj iijju <j . l « c Ly xu 

L' . J . ' . V.i ji pj—>bjjJI t p^p-eJI jjjjiS . p^tojjJl £>11 

<_>jj Jy-L>^»J Ojax-m <*LoJI 3JL>JI j ( ^i>- j Ifi# 

Uf. ll J-Z l * ! p*— .IjjJl XjjjISj p^>p«all i>* (ji lip ° f 500 

. (jl^jLluj) «— O^SijSlI j (j3>t5t«x< 

‘ 6* p^p-oJI uW *a^x>JI 61 i&-H 6p 

0 ■' 0 OX>_y X»lj -LuiS ^tx»6j 

Ojj-. ^ ! I (jljjj 3 = b = C l1xl> 

6j_jJJuJ| (jl (jj-aj kix_y> pjp~aJI JjjjlSJ 

^twll >5^ .a = 5.65° A L<J 

j (j_^l jl Sjj (j-j ft 5 jL j ^ * ■ - » -< 11 ^£uuaJ 

|j| . (jL-Syil 

(j -**j pjJj~oJI XJjjliiJ <^jj_jiLJI i_a^syui 
Fig. ( 7 ) Sodium chloride structure • 0) * ~>^> y 
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k-oUfJl (Na ) > . ! »*> I I o* oj^ij tS-iljj 

LLm jjJiUl Cjy—tb 6>fl l y* J^j • (Cl ) j(_jiS-II >— i »5 .1 1 7s L ..» ll ji-'llf 

. (_>AiuJI t »-$ .i JUU J ^ J* 

j i «^1 Oli'j^l (jic uj^ V»l*J ijii- 6A>j J£J I j] 

(j,u ^Jx-JI j5^* ^jic (Na + ) ^j^aII oU>jI <g~ij . oLnSL* ^JLi 

■\ 

= 4Na + ions *5^1 li* a>^ 5j^>j J-fJ u!-* I ’> — fJj . qj~jI v 

y 

. (z = 4) Sap>_j J£i] |j| . c>_yi^ jl — <j ^ipl 

JJ^UII sift <da~<l_jj O^-H &A>j JSLI AJj_^ 15 kidjujjf- J AC jli lAfJj 

. CjIju^pJI JJPj jjjL>_jil JAPj uj^llj OjjiLJI iiLiS ,Luu_jj ^lllj 

r- ZxM 

n a x V 

i <*L»JI Sj->j ~ (V) JU jL *> ! JAC (Na) ‘ Ojj)\ - (M) ^ 

. <*L> 5ju>j (J5k) oljyjpjl JAP — Z 

£jL-!> Ijl <^L»JI 5 ap-j j ^yjyu>i\ Ajjj^iSL! iA>li^»Jl JAP i_u*>J : Jli* 

. 2. 1 x 10 3 kg/m 3 iitSSJl t a = 5.65 A 

4jJU!I 5JUJI J* JUiwi 

. Lilian < «h''l Sap J! oIj^IIaII ^ ijSu^ i_i|j5 — ? <^L>JI Sap^j j yoSl I L» — 1 

: o tjl » « H eAfj j^oaI I l* jrj.ll — 2 

. jljjjJ! jjPj — — > (dljil) (JjLiaJI — k-> JiljjJI j£j* — I 

. olLeJI SAP jj <CLj jrjil ju . 8 ijjIjlU i^jjiLJI jaIjpJI j2>j| — 3 

. ^Uk!l r4-» ujyS’jj ^l a CLtj v_jy5 jrjll — 4 


(8 6 
Ijp — I — 
1 8 4 
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JD>J! ( 3 ) 

£d\±~d\ 

iyljjjill aImII 

Liquids and Their Physical Properties 


<5*-~u3 JL>_y Lo^ij 4 l_l_uJI CjljUJI j pb -U>_y 4JI (jj 

iJLiUuo 4.1. Vi oU LaJ I jaiu >i)U» (j£Jj . 4, vl.nl I CjljjjLJ I j pb pUjuj 

M—U cjljlill t*ij >• , <aL<J| i5j> 4 viiliutf j wL)j5j 4 oljUJI 

6^"-* i>t3J Lfu JSJ Ojllj jL>_y 'i tlilj ^^JLp ojMpj 4 Xlj^Jl J 

£_ 4 jjjdlj 4 * ibSJI 4_blu j v-jJuoJIj kiJjjLijj . tU^il J5L± 

oU^Jj^SJ jll j) ii»Li^y>Jl (j,fj jLojJ^il 4 4i»li^>JJ 

4 (»Lil j) J»UJI 4 (5j.f. />Vl l (jjLII j) ijj-ull t5_jiJlj (S^-cull 

,(5^j«oaJI j) Jlijjwli 

<jp 4ix*oJ! Jyi^j (0*il>JI j ojjf iyt (j^u| jl jby] (jSj^ l*S) 

4.,.«laTt» £jix— » 4_k» ( jLe j 4,»fcu‘u j pj-> j J_y>j Jjlj-JJ 

ijimXJ XjjjC J5L-JJ 5^>JI iSj->- jl US’ 4 iSj->- £j jl^Lxb j^ixi ^jJI 

• Jl tSJy ^1 vi>l_y>iiJI ji olp^i j^»j ^yiJI 

: oti^aJI 

jjy Jl 4 (5jl_>aJI h-A.nil ; L j— » Jjlj .<11 4_^il^iJI viiliLoJI J 4,« ,f ll vi>L<UZj| 

(ji L*S 4 (^jljjl pj «JI 4 <jjj-eJI A^tLluJI 4 ^ji^-eJI jl..i Si *j| 4 Lvjjill 4 JsuJI 

. liili^jjfcJl L_J ySjj 4 iiiLi^»JI (Jji 4, njjl> J p. V > < * ..■ * 'j 4i>U-oJI OOP 

4_^kjJlj 4 -JUaII >ii-»jll JsLJLJ (jj JSJ Soil* l$J (jjS^ kyk)^ olJLeJI LjaIj 

; » viiMi Jl bik)^ 1 <— ’^UcJl J .... 2I 

ip^. 0 * SjUp oU-bJI ol» : (Additive properties) 4JU| oUL?- 1 

LfJw 4 pUsuJI 3Jl> jrfJu £_• "ilj b all j BO^ (jlp MS ujlSJjD vfjlLaJI (>• 

. Lb SiLij oULe Upj 6j^I 4 4. bSI I 
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1 ( 3 ) 

.v m>> cjLo-^JI o j_» : (Constitutive properties) LU ob - 2 

JJL-Cj JiL-JI 4- «,uL J a j— « J (JJ_* j J_tiuj 4 oLjjJaJ! j iidjjJI gljjp 

v_jl La,*,, 1*^1 4 I LLluJI CjU-flJI OJA (jjj 4 oljujjkJI 

jjjs ^ oai*j oULaJI oja : (Colligative properties) oli*»- 3 

^jLaoII LjLA)l J (_>A l - « . W' ^l CjL a - fi Jl o j_A (j_»j . 4 Ih^jL ^ic j»~«~ "ij 4Jj12uJ>JI 

L-AAJ Ij yLjjiill 4_b5j j ^Lajj^l 4 J I t J»*j I 4 La*. j (^LiAvJ^il Ji» <XUaJJI CjlLalJlj 


Vapour pressure jjUuJI k**ZA\ 

^Aj jli " OjUl JJ. 1 l iS » ^A JjLJIj k_aLflJI (ja J£J (JjUkjJI Li. All" 

j-iy>o L_a-^ j j La 4_5^>Jf La.Lq 4 _£Juj jLi^LJI 4 _<jaJL* ij^jJI j Jab 

oLSyjj*. j>_J . JJ JSLJI ^ L i.a (jj JiLJI tlaliyjAJ jALaJ (v—ij^A) 

^L — i j jLJkjJI j^_Sjj J ^yic o ■> »~» » 4 JJ JiLJI JJ jl»JI 

jLioJI iJL>J OjIj-aJI <_>jj Cj yjj J_ift <tj5LuL1jJI (jlj iJLv jiu-ajj 4 lo^uSl 

4 _j L nf>*ill J. V. , »1 lyb* JiUJ j i Vul I JjA4 yjS-i LjjiA ylji'jJ) i!L>- J-auj . JiLJIj 
4_i!>Ll>l £—» (JjLAoJI JxJ LaJI JLlL«j LjjjAj . "(_5jL»JI Li - A lL 4 jL»JI 

(1) JjjaJI j (^jx* _^A jLioJI jl JiLJJ iilLil <jbJ l ^ic jj ju^ SjJaJI 4j*jj 


, j»°l 00 Jl jLuD y 4j*iLiJI Jal^JI (JjL»JI Li , . Al l jib I 


Temp,°C 

Acetone 

CCU 

C 2 H 5 OH 

n-octane 

H 2 0 

! 0 

MUM 

0.043 

EB9 

0.004 

EB 


msm 

0.074 

mSm 

0.008 

BIB 

WLm 

■gffl 

0.120 

MSM 

0.019 

BS9 

K1 

WMM 

0.188 

- 

0.024 

BBS! 

40 

0.554 

0.284 

- 

0.041 

0.0727 

50 

0.805 

0.417 

- 

0.64 

0.1217 

60 

1.140 

0.519 

- 

- 

0.1965 

70 

1.579 

0.818 


- 

0.3075 

80 

- 

1.169 


- 

0.4672 

90 

- 

1.474 

1.562 

- 

0.6918 

100 

- 

1.925 


0.466 

1,100 
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Jll>J ( 3 ) 



Measurement of vapor pressure 


OjL^ll yl Ja^bUl 
Jl j 5jlj_>Jj i->jJ j 

y> US' (_5jli>vxl I JuLoJI BjLjj 

. (1) JSLSJI j 6*** 


IwLaJI 


: Uaj Jil^LU (JjL*oJI 1»LA)I ^l^i! jjv^j 


: OrH-j J! (static methods) iiSLJI iLjkll - A 


(jjjj^ui (> jLf>JI ojSuy (2) JSLi OJbjlaJl 


iwJLulJ'it) . t j . ..l iv e j—uj <_j »l3j J yj « (j!>Lj 

ijjjj'il Ji-lj JjJjJI I n - M t ji*’ <-* ! > * « <il — J Lsul Jji-J Jjo-^b 
jJjijj JiLJJ (_5 jL>sjJI J-vi.All (A) (jSaJj <Ojjui ju>b pi . <Jjj»JI Jaj J jJ J LjjL_*j 
. <*eLt *Sa~> Ijj (B) SjjAj'il Jl JiL o ji*-o <&*£ *— J - - L > . ‘LiliJ! 



(j-* OJ-j J_*j J11...JI ji Jl>J 

j OoliiO^fl j Jji Jl pi . 

£>-£ BjL-nff <^>L2il JJJIj . Jjijll 
JiLJJ (_ 5 jli>jJI JaJLaJ I 

, oSjaJI laj OuuU (jltuij) c- Ij < ? .a l > l~ 

^jL> 4j.L> jlf>JI JoL>j 

Ojfj_> CjL>jJ J-Ig (ijl—>Jl J ftA . nl I 

*L* jL,u L 4 jj 4_)1>JI) 4 

c »J JJ (jj fill £9jJ Lw Sjjjj 
( 4il*V> oL>jj 


Fig. 2 Two barometers for measuring vapour 
pressure 
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42 tj* — B 

6-» LflfS b i}0 Ai^jj j^jli^Jl JkA-A!l y^bl! <2^Jk!l sjj* 

O >j_u J_Ls ^SjLJnjJI JuLaH A Z^jlgJt 0 OA J ( jnL*Slj , Sj£b« Aj^jkj Aj£Ld)l 

(Bulb) aI.o'11 (u) AjjjuSl jJifj aJsuaIjj 

<J* (u) aj^II J»b JJLJI o li li<Jj . (iso teniscope) <J>j oj * 

cjjJlj (manometer) ji+yiUI aL-I* 1»aaJI • <o*^1 j> i> tsji-tl ^ 
Oj^y (3) ■ tSjLM *» 0—* J 3 ^ jV'jjM 1 Irfjl— < ojfa 

. T - (u) A_Loill (2 cm) l^Oj (B) ^Uj ^Uui| & jW^I 

Si h (B) ^L-uiSf, 

viJLJ i£j JL<ull 5 jUU 

t£j-2>3 (u) 

, JSL-JI u * — aj j . . l t 
(J— <aI3 5 — 1 >*i.l35j 
, (w) Sji — & *1 — SJJ 

Winchester 

i Ui.Ai\ 

Mi, $, UotwtAOOpe fo* ««p*w *«»»*»■ jl ^Ub J_— aOll 

a!^ a»jJ o_ji5 aitf ^5U pL» j (BT) ac_j*jk*JI £«j3j , 

jLiJI 5_* ibbS (B) ^Lkii’ilj . JJL-JI ^i> c P ahJh,; J-eb 
. — (A) A^jJ«_AJI A^^i'Jl JibV- t|j|J| 11*11 AJeual^J JojvAII |Jab} . (^/b) 

Jil Jl (B) (jjLsJl h . A. Al l Oj^ij . T — (u) A^*il jjt J5L* tSjLj^ 

. s*,y\l\ lub <>i»3Lj luw&t bjL*j *U_j]| j Jm-aJJ (5jLJt 

(Dynamic method) ;4£puM Si^JcJI : 4 ^U)I 
J5LSJI , Ramsay & Young’s method ^ jLwIj a2j jJs 
aSLuj (B) jl i *11 A_^i i^^ul tjj uj&ij (4) JiiJI j tj^x* ja LS 
jg*| ■_» . F Ja-jli* (Tl) J* A _ J <3l J}L> (j_i jjl i "J b 

^Lw JnSaSH tf^* 3 iLzb (Ti) jSJI 
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W(*eh«t« * 

bottle 

Fig. 4. Rasmay and Young’s apparatus for 
measuring vapour pressure. 


j| J. J (j ^Awul l AjyjJI £Ay£ 1*5 yiaill 

J 1 ’ j£ (S) (H) ^51* fL> 

^ f £ ui (T 2 ) j-®4 y3— «y*yrfi La,jij 

] j “J Mfc Jj__ _ I it" (jii i’t.i J ■<•>" (jj >., <auJI * jjjjI 

S || |1 | i 3 _ X j 

El I h. i / • ( 4 ) 

W £|t1 1-2 & 

| tr-^J ^ j>— ^ 1 j-JAd 

Wfeehetttr a by-** (P) ii>— -l>> 

jWttte 

Fig. 4. Rasmay and Young’s apparatus for <> 4i ’ • ‘5-^j 30 cm Jly>- Ixi-iJI 
measuring vapour pressure. ^ y j^ji 

0 j j-A.S’ ol.jt!)) I i j i nl l £_*J yy_juu o (j_» J1LJI JaJLiy . jl$_>JI JA-Ij tly^JI 4 _>j_AJ 

(j.V . 1,1 aJUJI ej_* jj . ^LijuJ Jy> yJaJLlI Jols JJuJ (ji (* I_u,A) 

Tl (j-1^ <l>wkil 5jtj_»JI i>-jj <jl Jjyu Ajey (T 2 ) ~ j»°45 Jlye* ^L*>J! 

(_5jL>«jJI hi. All i_s Li ale £jlj3j a^j £>*j Jl £>* o^ls ju*jy T 2 <>* J3l 

1 Aj^UJI 4_*ji!l el* y* y*5i jySS *lj3^il Jls Byly*JI <L»jj (jl Jy* . j Lj— fJ I L.1..A £» 

(_>A*J (jli ji & t (Jii Byly^JI <ji yJ yaSLdljy 4 Tl U Jyja 4±aJb>yy yAoLU c_»y~< 

■ l x J IA yyS^i SylyeJJ (jljj| Jy-ey alej AiA-a^y Ti ^ie cjyw ylAjJI <j-» 

(jy^,i.i..» JSLJJ (Jjl JaAAJli AjiPy Tl ByI_y>JI (J->— >.*y , pyi*j yjjjyJli! j ylyJI 
. manometer yi_,uy;UI .LAAy atmospheric (iyL>JI .LaaJI Jy-iJJ lyL~** 
(A) yy ilnll 3_*di J^L> (j_» yl$_>Jl Jy_>ja *ly$JJ ^-L—Jla yl$ — »JI JAIj jiQ ly 
oae J5LJJ (_5jl>oJI JaAAJI (^U^ A ^ uu- t l U ^5 a^JJ*JI JsAAJI OeO (jlaiill Aaj-jJ J >— » (! y 

, Bjl y*JI oL>jJ O^LlVJ ole olyj 


Vapour pressure and boiling point jUIiJI 
i^jLiJI L-AAll L a jle Bjlj_>JI *_>yj" L#-jL JiL-J ^LUJI Aa*-jJ «— *y« j 
(jLili]| 3_>jJ (2)Li !»-<<■ All (J- jU.u y t " y_>- Jjfcly k« . A l l l^yLu 

4_ji (ji (yA-jBlII ( j_Uy . (_> ABAslt JaAA 0>j J jiull l 3JL> j US’ 4 (jAiAouLa (JjLJJ 

» 

. ^Ujj! Jl iiJy< Ajli ^jliJI JaAAll BjL,iya 
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V.P. & B.P. relationship jLlil! Z> jjj jj L>uJt Jl &buJI 

— 3JjI»4 — 5jJ^*JI jJjLiuJI JaJLeJI jl ,.a'c] ii!>L ,j ^«2 

(Clausuis-Clapeyron Equation) ujjh^ 
dP _ L v *l v 

dT T(V v - V L ) T(V v -V<) 


5jl_** a (Lv) . 5jJ^*JI *_* Ki.All j Jo*j SjLa i la^>- 

dT 

(Vv, c JiL- dj pi j—>- JSJ (^v) t JiLJJ jjJkjuU Jjx^all iij lj>- 

O-* (SjLJJ j»lj> /p>o <ji) 5-ri-*j-dt p_)>^»JI (V^, Vv) t i^j^l pjJfoJlV^) 

• *>jj) T ^dtll Sjlj^J! <>-jj .lie L-juljjJI JiLJIj jlioJI 


• bj>H _ M ii»*> (*£, “) ika-%. 

- M 


Surface tension 


j->l tS>>j JjLJI Jj-b j (mi) tey> 



Fig. (5) Forces acting on molecules in 
theinterion and the surface of a liquid. 


OOjjij jijjJI SjAUs p-^ali 

vi»Ljyy». dwljj JsL»-j (mi), (m 2 ) <L»-b 
j LijlaLao^l j 

i5>>l oliyjjv ^2*dxi ijjll Ioaj 

(m 2 ) . (5) J 5L_t JiLJI J_>b 

J^ui j (jljjj pi® JJO £«L-JI 
. Sj-jJII ®_j— a)I Jj->JI 

J— >b >J I 1 ■ *! 4_j*oUJI 5_j_5J| jLjJbj 

jjL^I 4— L5Li» Sjj-V^ oLLy>- JiLJI 

jjJi’ljJI J_UI . (JjlaNjJI ^k-J! (ja 

V^L>dJI e_)Jb I IIj JiLJI ^K.J 

*} ' " 1 ! L > >' k ... J I JijJLj 

J->L<JI ..,.< (jli l, v ^, l j . jjj 1 .fi II tLluJI 

kJ . J I i>L5j ih^*i L* j i.n l -yj.n jl Jjjj 
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(3) I 

i5 jji JjLiJI |»LJI JjIIj i J^ui Jaiill j-> Uj jiby L jjw>l ^A-cyJ J-taj 

Jjj-xll Jj*— iJI" 4^b ^ >h ,,< l | 4_»j3 iiUsJlj . Jl 

jjift jyyJb Sj5|ll SjSlt" jl ( " ^k-JI O-'uil Bj^jjb OjJaj sjlij J^»Jbj 

. " (Jxt 1) J Jk Jx> jlc iajlj JjLJl J^b 

i— >jL>oJI (_5 j_5 i± >^» . 5j!j_>JI 4_»jj SjLyj Jjy Lj^c ^.>.U— ,..j| jljjJlj 
4 ilk Lc .V-4L>^ (jl (_5 1 . Cjl!yjj*Jl J23 CjljyjjHl) 4a]J>-ljj| 

(j^j tjjj y^ (j£L!j . lys 1 y-y y=uJ i jj^jii ji*yi 

i»uyj ' ■* II oj_5 L-.L.I ( *_>^> iL*U ^ >-t-i ... j-jy> . JiL-JI oLAjjjv 

4i.I.~vjr« Oj! yt- CjL>jJ oic (Jil^JI (jAkjJ ^.>-h..JI I (2) JjJjv 


1 o 

. jjb . iiUj =° y* j (jj_y (10 X -lily I = jjjlll) 


*1* 

H99 



1 

HHSBH 

15.64 

46.4 

i 

29.00 

31.60 

j4~o 

71.19 

43.2 


26.10 

28.20 

25 

67.91 

40.2 


23.10 

25.00 

50 

63.50 

37.3 

I 

20.20 

21.00 

75 


4_SJ»j *-jj* Mill 4 _j_jju^II j till _jl JJLJI ^all j till 8 )jS i>£j& 

. .■ 1 1 jjjjJI JJ 4jjjJ! jl jjjJI Jibbj jl »UI ol#oi J5LJI j 


Capilary rise (iiijJI) AjjaAII <bjjjSll <w>1> 

<j^j jL-ojJ'il (ivij 4 .ni’i JJL-JI (jj_j wL.Lm)I 4j^j (jjj ii^UJI 

4^i». fill 4-JjjuSl j (*Lll) JJL-JI ili ^i •> , 8jjl_>yi 4_j_yil ^h — nj JJL-JI 

Oj*-J( JjjjjSl iyim £ jjjJI jLajl^ll i^jlj JX>u (Jjill oi» jl (4 AjJjJI) 

. (iySJi) 

jSSl jl jlj . JSLiJI ly^U ZyJU Cjj^j Lfjli (90°) <> J3I ji 
.iy^yjl iba>4 90° j_j£j Lfjli jj jS£i ojljJlj J^U ^Jx-» jjjfi Jl tjjy 90° <>* 
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JiLJI L i’iu 4 JL JiLJI I jjk (jll . 90° £y> J3l aJjj Ij <_5 jJl JiUlj 

< i 4 - a> - .j*130° 3_ jj\j Jjjij jJjJI JL . ^k . J1 JL .90° (j^ jJ5l <_s jJ I 
JiLJI jLcuJ'^l (jj_9 j_o cS^il fijLII oljujjfc (jjj lLLJI ojl (jl 
. LjaLII 4j-oL>JI 4_>b o>j SjAltJI a jjt . 

Measurement of surface tension jjjSJI 

, JiLil j .L.,. 1 1 1 L Jl -uiLJt <i2^jJJI 

Aj^Juf^l j ^Uj J^ ll 4o^l> 

(jj-jwj jfjJI JiLJI J (y) j-laJf L .o‘i olj S-jjJ'il j_« j- 
. L^iSl j,u JiLJI jl jjkj (6) JSDI j l»£ (d) JiliSJl olj J ^jjJsuJI 

J J l J^jJI ji <>L“llj 

j£J_j . (h) iiU ij^jjuSl 
^jLZy jjJLcS JiLJI £jju ^yjJ x . J I j^jaJI 
— -'Ijj-V* Sj-3 JJLu jj_j_j 

. Ja- 1 ^ JILJI jl>o jjj) JL*J 
j_j_jill 5^-Jl Fyu jj_£ll a 
hj . » v J I ^l>l JjL ^JLff jijil Fy ^^JxJI 

3j_aJI j 2707 Cos 0 j-Aj Lj_jj 1 7J 
h «.a!I ^jLJ — -*i-» u . — I IjjxfJ I 
. (g h d 7i r 2 ) = -o^JTJ jJaill aj» L«j 

ejLailt ijyi\ jrfj jjljj tiUL*^ JUJU) 

: JUJI j^vJI 3 JjUI ojZuj . i^jLill 

27iry Cos 0 = g h d n r 2 -2 

|jj i^jLJI OuU (g) j (y-UoJI) jLfluJ^I i^)lj ( 0 ) 4i»^> 

V -3 

2cos0 
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. r dUiS'j d, h, g 4. L .;) l ii yd (y) UuS 

yt 0.2 xlO jiuUI i_j-co olj (<UaJjJI) j till £»u_y Jlle 

Lift*)! dLAjJ . 0.996 x 10 3 kg.m -3 .Ul <JIS$ <jl Ule j>° 30 n* 
»LoJJ jjjjJlj . y-£> I^jLo ^L>jJI aw £i ( jLai)^/l) wLiUllI ijjlj tjoyj 

. jju 72.18 x 10 3 

y = 72.18 x lO^Nnf 1 

g = 981 x 10" 2 m s -2 

d = 0.996 x 10 3 kg m3 

0200xl0 2 m 
f 2 
h = ? 

2y 

Using equation (4) h = - — — 

gdr 

= 2x71.18xl0~ 3 

981 xlO -2 x 0.996 xlO 3 xlO -2 


The torsion Balance method ( QJ 9 ~ 2 

4_>jlLil ojJtJ) (^LjUJ jJ>j . jjjjJI I eik 

i« aiJudl el» j US’ J1LJI <> i^iil Vsu!>l> <aL> 

. (7) J£aJI j (^u* US’ 

LiLcj [ jl» oLk> UwljJ (r) j-iaj If) <A;jj <i,Uu iii> jUj 

dlL-JI Lwucyj (S) 3_jJ jUu oIp (P) . (B) 
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( 3 ) 


j (B) J*>uJ (T) 
(D) j — 4JI 

Xjswl_jJ * jljll JjLJLj tjJuil 

L» jjju (W) jl*-JLO 

tti.ii ojioJI . 4aL>JI jsui 

fjj jl <iL»JI 

Ij—Sj ii tj J KJJ (Jjl I 

Fig. 7. Du Nouy’s torsion balance for measuring ^ ^ 

surface tension. d [» 0 j> Ji, Lai* 

0 j_* jLuj (W) jl«— *11 4_ta_— < I y I J CjoI J (B) tjUaiJl 

, tiiUljJi) ixuijll) CjIjJ Sac 

: llflj 

Force = Mg = y (2 x 2 tc r) -5 

Org = —■ -6 

47t r 

jl»J 10 X 72 _y» t 25 jJkP tLJJ ^»tk«JI yy ill J tillo 

. til! ^h..* siljjj LjJtC j tUI yjj _j*l» .^10 X 0.3 


Y = 72.0 x 10" 3 Nm” 1 


r = 0.30 x 10 m 


g = 981 x 10 2 ms 1 

7C = 3.142 
M = ? 

(6) iljUll j ijAiydljj 

w y47tr 72xl0 -3 x3.142x0.30xl0 -2 
g 981x10 2 

= 0.2767 x 1 O' 3 Kg 
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The drop method JbyfciJI Sjyjt - 3 

j£-|j Ct* JiLJI -tl2i £)j_j i^»«3l| 6J» j y*L^t 

4_»at [j_* OwjliJl JILJI J»Ul i ) I US' . “bjbj 

yljJJ CjlJjJI (jaJU j . LfJ (J ^KkJI jjjjJI 4kJjj <I J^» I p_j5u -doJoJI 

JiLJI <Ua2jJ (W) £4 k_u»LS 4jtiljJI ^»i k JI jijSlI 5_J# £»li JiLJI Jai> 


y 2 7t r = Vdg = W 


tVfVAce 
TINIIOM 
*CT* ALONG 

ci 


** 55 jj w ( I jLi ■ «-' (r) 

I * - (d) « «_pi Jt itii - (V) 

lii 

f jali Cxij3wL»J ii£jlai\ 6 j* , 4l3(lS 

10 li-ji jii . Jil^JI Cm iijlzJJ 

• ei RCUMr 

ji-l JiLi Ci* 10 J JiLJI £>* JslSi 

“ -: gttU liili . (W 2 ), (WO 

i r 

T2 W, 

Fig. 8. Stalagmometer w 

or yi= — L y 2 -8 
1 W 2 

SjLU ^JbJI jijSJI jL»nJ ‘ tijIaJI j pfSJt <**jl*» Ci* J 

. yjLai^i ji>ii j 

Jli Jil^JI Ci* MU *■* Uoi-i j) 
2Tcry! n^n, y,d 1 g = Vdig _ 9 

2itry 2 n 2 = n 2 Y 2 d 2 8 = vd 2 S 


Fig. 8. Stalagmometer 


v (vn = V) 


: J. ^i . » . ‘ i 3,>..> 2l b 


or Yi “ -*~r 72 

n l d 2 
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C JJLJI ^Ja mt .UP Cjli^»JI JjfclJJ 5^Jil oyil (jjjll H jjjlJI yUA^ 

, JiLJJ 0 J Lit O ijjSjj Aji^jia Jjlc i_«JjjLt 

iiliSJI (^uj ^» . h . J l jjjiJI <^^>j aj^Lp Macleod (1923) ^Ip jj 

. aj^UI ej^j JiLJJ 

Y = C(D-d) 4 


or C 


!/i 



D-d 


-12 


U*-ij .UP ^y>Jx-JI jjjjJI — Y 1 jL>JI Aj’aS’ - d i JiLJl AiUS — D (jl t±u>- 
. 1924 — (Sudgen) J_»ol p_5 . a_j y^L>. Jil-.JI ouli — C 5jlj>JI y* <>.j,JI 
cjuUJI eijpj JiLJJ (M) jjjJI JL>jL d)jj as jUJI oi* Lf ip Sop 

^ a^j^SjJI UjUIIj — [P] jjSljUU 


My^ 

D-d 


MC l/ = P 


-13 


juxjj^j (13) aj^LoJI (jli D — JJLJI Aili£ ^4 AjjlilU jUyJJ — d Ja^J Lupj 

... Jl 

~ y‘ / 4 = V m C I/4 = P, -14 

,M N 

(A)* 51 (^>JI “ (~ ) 


J| Jjj3 33}LJl yli IjjjLkj ^y ^tv JI jjjjJI (jl y_j 

Vm =P2 -15 

t^jLu jlS' IjJ . JiLJJ uL Ljj (j^ljUl) iSjUJI o j> |jj 

A ..jllL* Jil yi iijljl J>. UP ^ji^jjfJI j^>oJ! yrflju j* jl t ! j J l yy . Jl — OJ^jJJ 

(j-i^fJI ^-» > « l l j o^li^l (jli JJI_)«JJ j^ljUl Aijliu . (j^k-JI yy^S yJJ l$J 
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1 

IjJ . jjjjdf y*JL5 Lf! Jjl j - «Jl ylj i_jj^l=JI BJA Cjl>3 ii-j; £>t 


. <*-<L<l 4i^y iiLoJ 0* U^i [P] j^ljUIf 
(3) Jjj^>- . i-i j ^l IjjJI iiliiJl jljil yAo j J Parachor j^ljUl) <51 L»5 


Unit 

Parachor uatues assigned by I 

Sudgen 

Vogel 

Quayle 

Mumford 1 
and philips 

-ch 2 - 

39.0 

40.0 

40.0 

40.0 

C 

4.80 

8.6 

9.0 

9.2 

0 2 in ester 

20.0 

19.8 

- 

20.0 

a 

54.3 

- 

55.2 

55.0 

Br 

68.0 

68.8 

- 

69.0 

I Single covalent bond 

0.0 

0.0 

0.0 

O.O(Arbi) 

1 Single bond 

-11.6 

- 

- 

-9.0 

I Douple bond 

23.2 

19.9 

- 

19.0 

Triple bond 

26.6 

40.0 

- 

38.0 

f 3- membered ring 

16.7 

- 

- 

12.5 

| 4- membered ring 

11.6 

- 

- 

6.0 | 

| 5- membered ring 

8.5 

- 

- 

3.0 

| 6- membered ring 

5.0 

- 

- 

0.8 

R 7- membered ring 

- 

- 


M- .. 1 


25°C a_ie 32.24 dynes/cm ^ P-chlorotoluene yyll : JIS* 

<*^aJI Uj ? jjSljUll jjA Li . 1.065 g cm o>jjJI ol» ole <i5U5j 

• Sllj (5jjJI £►« 

UJI 


d M v * 
p = -y 

= x (32.24) /4 

1.065 

/. log P = 2.074 + 0.37 709 
= 2.451 


P = 282.48 


JJjLJI yj 


^l/U i>L) 
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tfjjJ! (jj o^aJI u*ij j^juw <U^ZJI oja 


: 

7 Carbonactoms =7x4.8 = 33.6 

7 H atoms = 7x17.1= 119.7 

1 Cl = 1 x 54.3 = 54.3 

3 douple bonds = 3 x 23.2 = 69.6 

1 = 1 x 6.1 = 6.1 

Calc. Parachor value = 283.3 

Application of Parachore jjSjLII otLuJnJ 

L*Sj . jljS'IjUI 4^3 4aJl*JI j ^l-Uu^l M — 1 

o'— S' (j— *j 283.2 ^ P.C1. toluene > * . » . •> • j^LJI Jliil j y 

. O.Cl.toluene y> 

Jl5Li^l o£-> 4-iijilU . .»! jj£\ jliil . ( jl^>- s !ll j — 2 

Quinine 4 >o oS-*j ^yubull J5LAJI Ija . JH< . 

O 

0 
0 
(I) 

[P] = 236.1 

jjjfcjil <jl Lu 236.8 4 » u u 1 1 L^y*o 4 aOjuunIl 4 j^2J|j 

• (I) 

4 . j^a ..i > jJj j^UJ! 4_gj«,>.t! 44ii><» Sugden (jju>L* j-jUl jjj 

^ju _^a L»5 [P] 



(II) 

[P] = 219 
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/° 

[ 

O 

\ 

1 

N 

6 - 

V 

2 

^0 

N> 

N, 

0 

\ l 

X). 

(I) 

(ii) 

m 

(IV) 

98.9 

74.1 

49.3 

63.2 


yj> (n) t-uSjif (jl Lft Jjy Lu (71.4) iejAJKjJI oXjJ [P] <ck»^UI 4jjaJIj 

. J^yij IjljB-l ^1 


Viscosity of liquids JSI^JI i>j j} 

^ l n > 1 1 <jlj t i-Jjjjl J}L-> jMJ (j,u<j J5L. ji jjjju l i Ijfcjjjlll ili ^£3 

■Le o jj ■; ijjjJ'il Jj j ^jilLJI ^kJI llij; j^S— < 3JL> j JaJLao < J,./-I~i 1 1 

5-e^-JI ijjjjSl jSjA ^U ..i l | (jj i,JUsll J1LJI Ijj . iiili 

Lj ysui ^jk-Jl bja (ji dllj jju (9) JiiJ! j 1*5 . (j£ LajlajJ bu3 

<iL> (jj dJjjj 4iii>j jUaii i_»Leui ,1»-D t_ sulii <j£ BjLut *3lJ ^jA 

jjA—o IjufJj . 1 ^-£>4 Ait JJlSi>l Jiij J| 

.” J1LJ! jiij— « oLul) <■ i >» L i (3 jJI (JjLSJU 

Fa-A* ~ -16 

dx 

d v 

Or F = - r) A — -17 

dx 


JjIju j! . JjL*« — <« i ; (t|) <->111)1 oj15 

. (17) j Jjj <a-j^UI 


Viscosity 


Force x dis tan ce 
Velocity x area 


Newton xm _ Kgms 1 m 


-l 

ms x m 


-1 m 2 
ms x m 


= Kgnf 1 s' 1 
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( 3 ) 

L»If J— 2^ Jil—JI gl jl jj— (17) 4 _)jLUI j k-jJL-JI BjLij) • 

jj JLjJL £ . ‘ *0 ^»l n .i> Jl jS^ll C>* t5l ^jl*JI J! 

. Lf t> lj JJ XijjS^I -ria ijj (ji (j. ifioJ Li sLhj'il Outs’ 

~»N^ * 

'" ~ * — »b 4—>-jj}}\ JjLa* 

W ^ i->L..u» sj_ >j J_£J (jjjjjJLu SjJLlt 

~ y <j*>i X— < Cn—i jj*ll C u tfU ijj^Ulj 

X*^ 0 \ 5>* J5UI <> OAijl^ 1 * 

(9) js^ • r* 1 j | j5 ^ o^/p-*) 

, (CGS Units) (ijuLI ya* ^uJlu) ijjiu jl^JL JiLJ <>jjill Sj^-j jjSJj 

^. k— . (J LJL > JuL— i (j_* Juvlj ijjtf jj|j J->-lj LAjI jXi 5_j5 (jl ^li 

(jillj (17) ^5j <Ujl«ll £&&•* JjI— J l ISa jti . Xe-j^u (<jSL,) outJ 

. Newtonion liquids ^^uli JiUL J \yj 

(<^y«-i) <2 ,i3j Aj^iil j*i i5iJI J5LJI ^->u>Jlj JuIaj iijLJIj 

i-j^Ultj Jrw (P) la-M Ci_»J 4_±JU)U (t) (j— *_^)l j (L) J_jUj (r) jla3 (JLcu olj 

. 18 iijLJl - (Paiseulle) (^jiyi. 

*Ptr 4 

tj = -18 

8VL 


Measurement of Viscosity i>j^UI 

(j^^uu <->■_} jJJI !— jJLcj . ^Ljjl_jj ^lji><ju>b JiLJJ ^uvjjJJI (_yu IjiSJ B^iUll <2^UI 
SJjLmj . (Ostwald’s Viscometer) .-<'4 XL^iy 

IxJLaJ l) P <i~ .Si I SjJLH . yijJdl I j— » Jii hj .i. j Jj-Iaj siuj^ (jl (jSL*^ 

. (gfrd) ^2 JIj Ifl jjuLJ iljU* j Sjjjfcjil IjjJj-f! I 

nrVdt 

8VL 
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[J) j 

ouU ^Lijjl ol j j_>Ij jl$ >■ Llj-i j o— ...I 

(A) >*i j> h = A j\ T| ot dt <jl (jl ^ ^>oJ 
— H Jj I jl$_»J OajLj 

\ ii^UJI ^lc J,<i>«ii Lilli <j— JJ bj 

i»i 

i = . 2 „ 

^2 ^2 *2 

c d, t. 

Til = ^ ' 20a 

JJ (JJL-JI JL>j| a j_a (JaaJj 

n ifcLII yj ,_jLei (B 2 ) J! b 2 * £*-V f5 (Bi) 

jj>-l y» (Bj) j y». JiLJI k_>l,}-«jj (A) 

Fig. 10. Ostwald’s viscometer (t) ^ j (d ) J_5WI ^ JiLJJ ^ 

. <Li^yu jl^II JJLJJ (t|l) v— (Lk> ij£ 1*4 d2, d|, TI 2 liuljiJI 

jJlp 1_ f r |^v 0.1002 X 10 _1 y *L*JJ midi : Jli« 

y_» ^ .»>■ Liju i^jU 79.5 j »L1I 3cm 3 jJUi-<l jl^»J p20 

1.49xl0 3 < lxlO 3 *UI ,> JS Ultf ck U* .4315 30 j L*.jLa. ^ 

. uJu jJLc iilkll iajjJJIj LuajJI > .,->■*> ■ I . Kgm 


t c = 30.0 s d e = 1.49 x 10 3 kgm 3 

t w = 79.5 s d w = 1.00 x 10 3 kgm -3 

y Li (t| c = ?) hw = 0.1002 x 10 -1 kgm -1 s~ l 

(20) <JjLil j 

.... TI, 1.49 X 10 3 X 30.0 

Relative viscosity = — *- = r 

r| 2 lxlO 3 x79.5 


absolute viscosity 


= 0.56226 
0.56226 x Tjw 
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ja>*s (3) 


= 0.56338 Kgm -1 s' 1 

ij&j n SjjjhjJ! f = i ij .1 L» 

T1 

tl 

. (Kinematic viscosity) . ( n = — p iilSSJl ^ 


U3“ 


Viscosity and Temperature S jl ^>Jb AibU 

.jUJI Sjlj^JI ^4 JJU ■L>jyU! J^Lu 

£-» (J_S3 JjI * U A j uk J JU i>jj Sjl^j jIj)j jUl! <L>j^l)l JjLu yi 

Sjf y_> oLi>jj j-jtf JJIj— Jf o*aJ Jjj-jjUl .(2) JjA*’ ,5j!j>Jl i>jj ^Ujjl 


Liqiuds 

0°C 

10°C 

>-* 

(it 

0 

n 

20°C 

25°C 

30°C 

40°C 

50”C 

Aniline 

12.200 

6.450 

5.300 

4.270 

3.640 

3.11 


1.860 

Benzene 

0.900 

0.757 

0.696 

0.647 

0.596 

0.561 


0.436 

Carbon tetrachloride 

1.351 

1.138 

1.040 

0.975 

0.903 

0.848 

0.746 

0.662 

Chloroform 

0.699 

0.625 

0.596 

0.563 

0.532 

0.510 

0.464 

0.424 

Ethanol 

1.772 

1.466 

1.300 

1.200 

1.078 

1.003 

0.834 

0.702 

Methanol 

0.808 

0.690 

0.623 

0.592 

0.544 

0.515 

0.449 

0.395 

Toluene 

0.772 

0.671 

0.623 

0.590 

0.560 

0.525 

0.471 

0.426 

Water 

0.178 

1.304 

1.137 


0.890 

0.798 

0.654 

0.547 


isbUJI oifj UjU^J Sj)y>JI I_>jj Jil-J 5->jjl!l jUiclj 

. (Andrade) jljjjl 3 JjL»aj cj^o 

T| = Ae AE / RT 


log ri = + log A 

5 i rt 

jj-l jjL. Jl JjL. <jj < a i ">*j t jijiJv. .<» Jx> 4 Vy Jjlii log T) 

4-hil yll rfx j > 4 ^jZ'i.o* Jat> j k >C Lfjli *1*1] 4 juhJJLj . ,Jjil 4 * ij > yj 

. (1 1) JSui 5jly>JI i»jj J-lijjl ituljJI j-kSJI 4^>j— >^> 
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logn 





(AH) tij,- .tiVill AilLJ AjuxuJbj 

If t jjn* it ^ *j 3 >jjUI 

A in . * | yj J ^ i t t 1 [ y— • A 3 *Xja-- I £ *!i A yx 

o j » ..ill Ja-aJJ J_jll 

L*jyfj i_j „> . , i II 3 T L)lijj)ll ijlkJI 

yl (jJ — *J I j a . vAjjj_»- J_a9 

AfjlS’ A 9 lb i>b y I diljyjjkJI 

yl J t* 3 U^-w.ll oUyjjvJI 

£iby— < < — l jj 5 _)_U j- ^1 .li-Ll 

. jsui 


Viscosity and Constitution : (ou£ jDI) jjjSSJIj 4 j>jjUI 33 }U 

At, .at. all Jj_b !j- ip » < „U.tfj Jjic J, *. " >«■ * i»Jyl!l yl Jx>-^Uf yj 

Aj y^jj_JI (Jl* (A^xkj Jf*) Ay^uJI obSJili l Cxli^j>JI y^J A,J-»-l.jJI 
aJwIjJI J_l* vZjUyj^JI y£j A — J >tj Ajajj) If) Jilj-JI bj,u ( A. Ai V . u 

• A^Jle i»jjj i>jj a) £xi»]b 5 li* ^j 3 Aflf>jjJaSl 

^yAilj Jlaj i V_ij5j jJIj A»jyUI Afi^Zj Cu^l c4^J S A. hj .. u oUfotP 

(-CH 2 - 3jb>j bib i>jji!l ^ji ejl^JI yli i aJjLxXII aJLJLaJI bS^ <. 

(Dunstane) jl* ■'.j ' ^JL*J| oLiJSI jsj . Ajuli b x> Jl Lyj2j ( ^ . 'A 1 1 ) 

: { jA ixbJI SibUJI 0 i» . p->oJI y^jj Aj*_jjiJI yu a-» j > . !>, ,«» aS^Lp 

— x ri x 10 x 10* = 40 to 60 
M 


<jb— *jjJ A_jbp Jjbw ij3 Ojy_<aj pltull oljL>j jJ (*) AA^bJI ejj»" 

, uS 'll A^jjuJl A »jill ejj»j x 10 Jl oh* JjjJI plisuJI yi ySJj 10 yPj 


iJ^UJI 8UA) l ybu LfJj a^jU iii'i'ij T| t d 1 yj^JI — (M) >..» ii > 

If) Jjl^_JI sl» Jjuuu 60 y4 A » L ia J| b JjlCj c A^jUJI AjubJ b AiijKj 
120 A_fjbJI uijj—bJI Ojj lij3IJafl>JI yA*> ^ b5 A ,i«, i t> i !i Aju« 
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jjdf oi) ■ (CHjC00H)2 1 » 4 .. * ! *! £» Isjj? thH^l ^ryi <51 tSl 


. (3) 


Liquid 

State 

4 

— x -n x 10 

M 

Acetone 

Normal liquid 

43 

Benzene 

Normal liquid 

73 

Toluene 

Normal liquid 

56 

Glycol 

Associated liquid 

2750 

Glycerol 

Associated liquid 

116400 

Water 

Associated liquid 

559 


. (^jjjvoJI) (JjLaJI jji JiLJJj (jjljJI JJLJJ oU^Lu ejj> 

J_x£ i__>"jjjJJI 4_,u^l ol ij . 1 (Jjlc j>i (Jjlc (j^..«ij. l . » .JI (ji CLuii ; JII 4 

J 1.259 X lO^ltfj * *' <*5U ,_ f f lj_* J 8.498 x lO" 1 ^ 0 ^ 

. J y*/ 4J 92 X 10 Ojyt) 4 y*<> «UC ^ / ^l^»- 




1.259x10 x8, 498x10' 
92x1 O’ 3 


•x 10= 116293.2826 


5 r u»j. «.>.,* 4i— s <1 JJLJI (>li 60 40 oi* y! ix>5^ 

. ^jUJI JJUU 
<i5L«JI bja oJ^ji ^JUI a>_j( j2Jj 

D M i 

R = X XT ) 8 

d 

M 

0 j-& ( — ) Jit-45 Jt j*-3 ujj — (Rheochor) jjSjij 

d 

. 4.1 jm Ojl j-> 4-»jJ Ja£ 0jL>yi IjjjL— J JiLJI IajJlP 


- 114 - 











: ‘Lvjjlll oL»lJ oUjjjiU 


(jjjJI I $ » 1 i_^laj oljyjjfJl OJ^OC O-jjUl 

(jjjJlj 4 - ^ LuJ l (j^—> iijUJL <^<>L>Jt < j wj jQJI 4_JjUII . 

: tj* iA>^l 

[r\] = k M s 


.VL^ill (j-J-c JjLaj — [a] (jlj J-^ILk J cj_jI_jJ [a,k].ii L i> 

Jy jj-i (JLu. f SJylll cuUyjajJI) J ^ . l > j ! I l jj oLi,«jj>JI J5L-Sj 

ji>.b ‘0.5 JjL-j (a) - (random coil molecule) 

(jjL-J (a) (jLi 4_^pljJI i_j^iiil 4.t..». il Uj (2 (_ 5 jL*j (a) (jli t-j j - Ai 


<.£»$ . (J-Ij <±>-j)yj&i oj^ac J5L1 l» ^ If) 

t rW U s il cbLJ* ^l_j_3JI 3_ ,jij JjL> Ja# 4 JaL>- 4 JJLJI i_», > )3i) Ijjikll iilkll 

jj. „_i«J ^ Ley! ^aia-J Sj^jjUl oL»l^5 , o-j^UI Lj le S^iLu 

yj^JI JkjUOJ 

Refractometer (^-jISju^I) jL&i^M ^U5 

Refractive index : (j&y») jLiii'ih J*l« 

lJl il>j j>-l Iwj JJ »l y» J)WI ij>y^ £l**$ JH 

Lj2~JI iylj tjj J3i jL*£j ji ail^ <Jli J5L») iilSSJI (ji 

od+j 1 $J ij^ij Ja-'jll jL*SuMl JjLuj 3 jjl* (j+j oMJlj .(incidence) 

Sin(i) / Sin r =^/ n 

JJ'JI jl—iJ'i! JiU - (N) jlTil iu-yj JiLm - (n) cj\ ^ 

Jj JjiiJ IbUlf (jli 90° — (i) ijtjljJl (jl _jli 

Sin r = — 

N 
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jl—»5u^l Jj I — > (^,1 (snell’s law) (jjiUJ LkjG_^ 


: (ji ; > j. > . ~ ..<■ ! I JjLJ! Ch^j 4«j<H 3juli 

n = sin i / . 

11 ' cm r 


jl ,.i < )*i‘j| 3-djIj — r i i-djtj — i t k— *jU (JjLm — n (jl ^ii^> 

: tj. All oj-jll IfliL 5 JjLJIj 

_ sini _ velocity in air (angle of medium i) 
sin r velocity in liquid (angle of medium r) 



Fig. 12 Refraction of ray 


A„.k] Lj iajiL-J I S^jlj jljjj L»jjj Cj 
— (i) 1 — * j i cj .jL j|jj_3 

‘-jj— cr*— ^b) *- & * ■* • ^-o(3 ~ 90° 

I — 4j^s £j_oj — r (jli (SjjIc 

= rc 4 . — > jjJI * — oiy b *— *j- *~j 

1 = 90° U. <jj&j ‘ critical angle 
(i) 3-yljli oi j-b ‘ r c - d /n 

(jli 90° (jj jjiSl 
. jL-Sjl <d 


t 

< 



Fig. 13. The principle of critical angle 


(L) <■ j— All (j_« Ja^ — i p 1 1 » (jl jli 

<j — » '-*$ (jjla— »j) ^k-. 

JjLa- 0-* »_j — <=J1 iSjej . (13) JS-UI 
Jj — > jj-J — ? ~ (E) 3 — 

Ja_> (JjjL-kj cSj-i (_ij—< — (p)<biUI 

aj. Allj 2(1 3 Ua'ill (j_j ij All 

ojt_> 3iL> j jk (3)^j>JI 

J «■ .* J_5i " (_5j_j i_j jw 4 alk 4lkuj 

(^<1 -I ^ jl .>• ■ 


. " J*L« y- 1^23 3 jkj>JI 


- 116 - 




(3) 

Measurement of Refractive Index : J*!** 

y-LtiJ l ^ aiv w a t JjJJ ^1 (>• J£1 jL*£j^J| yrfl^S Sj^l 

. 4^wL<^I| <u«L*I! L» ill L,$ '»» . jJilj— «JJ jLn£j*jl 


Abbe’s Refractometer : jL»£jVI ^Li) - 1 

‘ . ■-^* jlkz* ‘ P 2 t Pi — jj-i-ij (M) bIj4 £>4 jl $ >11 !ja (14) 

1 E - ijj »ll < T — 

^ LaSj . L — o il fc. XU 

*j - jJI LZ -j j tjft.jjl (jj 
i . Uj<.a> (ol j-<) <— .fTU 

(^Z .all P 1 J|^ .U I « ^ . l p 

(Pi) jj -Mil ^k.J 

£-*P- tH ‘J-" 11 (ur"> 

--•-•• (P.). . »..H . ol *1*0^1 

Fig. 14. Abbe’s refractometer ^ ■* 

I j — » '-r'M-i ljd->l . (^‘ 

1 1 jj .fill 1 “II I3 j> 6—* Ojd*-e • (4**^ J') _)? ji »_j-aJI 

t P 2 i A . il I £» J»yL- JD (^1*11 (>• ^aSI i^jlj J », «j ..ij , 2 

1 . [j j t . A (j-1* k,) jJaill £jL 3 i_jjSL-i^ll!l ijjj Ljitfj . j ~&i 4^15 

btu jU^I 5jL> <ytj i^Jj-eJI pj*JI Jaaj ^S P * • (piu) (yjl* ji) 

yjS L^ fa l l t (_^iLm i^jlj (P 2 ) j_y2uil &&>■ 

■ r c 



Pulfirch Refractometer : tJtjji J # 

l^JJ jLiJIj i*>b*)JI i— oaJJ 4_*5U)f a-^jljJl jl<-->JI 13* J ^L-Sl *>>JI 
‘* ■ ' > 3 v*l . imJjJI 4 jJ ^ 1 * 4 . ti til 4 jJfcl»jJI SjjjLtfJI 4 j l j JI £4 (ABC) 

J 4 U 4 pi . (i-ijLiJJ 4 _»^Lmj) J5LJI jLt£jj 4^jlj CM i-ij*il jL*£j'jl 4^jlj 
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Ttmeon 


Fig. 15. The optical system of Pulftich refractometer. 


iSj-ij . jyAillj JiLJI 

< J— Ip ^yClo—JJ! Ja_»JI 

(wxyz) Jj_b 

■•j o <Isl»JJI sl» ^ (i) (jj jjit i^jlj i— yi vjjjSLu^loJI 

^1 ji (JjjyJ *_j_j£L<^bJI lijjfij <■ Ja>- 4l*-lj 

jUlc'il jj.'i! j| ^5^>oJI I iflj t <Z hl » j { jl J (i) ,jj 

yli ^90° = jl 5 .^i*ifl 

Sin r = — 

N 

<j> Sin 1 / Sin r = “ cm cmj 
N 

Sin 1 1 Sin (90*- r) = N 

J-oJ ^ I jj . (90° - r) = Cos r o&j 


Sin i 
Cos r 


= N 


(X) 


(jl JjJjJI O jLe Ll tyj 

Sin r = - Cos 2 r 00 
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(3) 

(Y) SJjLuJJ (X) <JjLaII ij_i (Cos r) < « L it,il iiL-J! iljUil Jljji-.*Jbj 


Sin r = J i_ 


Sin 2 i 


Or N Sin r = Jn 2 -Sin 2 r 


n = yN 2 — Sin 2 i 

(N Sin r = n) Ji» 

(j_4 IajJic (i) jj.m'kIi! jLiiKl (N) ,jl j}j 

, JiUJ jLtfLiSl ,JjIju <jli . (n) 4 «.jjJb <j jJlj 

(4-jjuJI) jLaiiVl J*l«* C>ju iiibJI 

Refractive Index and Constitution 

ii^UI 1880 pic 5 jjlc iJS jjj jJ Lorentz jijjy ^JbJI (J5 jiil 

i^tbj dectromagnatic ^ iJiLJ liliSJIj jL*SL>^ll J-*bu 

: Jljill 4 _> ^lf 


R = 


n -1 J_ 
n 2 + 2 * d 


JSLJJ jL— SL iSl ,JjLa* (jl > - «— ii >-j . jLiSLlSli - R i iiliSJI — d ij > 

C&J (j^Sjjd!) *_J— JA 6 £J Layij JaA-iJIj Sjlj^JI £» 

. J.,««ll Jj_-uJbj . ftjlil v «j Jai-fiJI t DjIj^JI . U* u» ,i M bJLc ^jjJI jbLu'ill 
. jLtSbSl (jjllj jL-SbSl x 9-ji s i j , * - 


[Rm] = 


n -1 M 
n 2 + 2 d 


872 5 _ibiSJIj i 1.5044 ^ . f 20 ° Bjl^ U,j .u* ^^JJjUSjyi J,U* : Jilt 
■ 4 l 78 x 10 jm ^< 3^1 l-d* • fff\ 4 l 

. Jl jl-Sb'Jll 
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I 


J (3) 


5JjIa 1I j jjtljl! 

m ., [1.5044] 2 -1 78xl0“ 3 kg mole -1 

[KmJ r x r 

[1.5044] 2 + 2 872 kg m' 3 

= 2.65 x 10” 5 m 3 mole -1 


l-iI > -vj <j_» ol hull |> jill t-Lli oIj_>j 4J ou« al J*Lu <jl 

oIj >-jJI j_>Aaj o ^k gl j5j . Jy jilL Lflc ^jjo (Rm) <• (^/j) 

i JjUj <jj ,J£J 4j*5LiJI 


• (4) .p25° Sjl^^ ilc 


Compound 

N 20 

D 

R 20 

n 2° 

IV M[D] 

Acetone 

1.3588 

0.2782 x 10" 3 

1.615 x 10~ 5 

Benzene 


0.3354 

2.618 

Carbon tetrachloride 

1.4600 

0.1724 

2.651 

Chloroform 

1.4455 

0.1780 

3.125 

Ethanol 

1.3613 

0.2775 

1.278 

Toluene 

1.4969 

0.3356 

3.092 

Water 

1.3328 

0.2083 

0.375 


(jlj c X ^ — J 1 . I l_ A ji ; 4jiL«l oliu Ml ^y*li (jl Jsl>-^UI (jji 


<Lcj*jk*J oly-«iU *~<Jt>a4 j^uLJu> <j,u ujj'ijll j L4u 5U Jjill 

4.634 x 10~ 5 t 4.606 x 10“ 5 ^ (CH 2 ) 


Optical abnormality 


jjUJI 


. v . > ~a , i (jj'ij—ll jl. (jli <kjlj (jj ji^l UjIc 

CjLjSjII 43 . yuS^I 4 _,uLuJI iujlj^l (_j— tc Loyl ; 4 jJlJuJI xiuj'il JJjt 

Jjju dljl ..<11 lu-A Jllj . <lc Ljltfr jL.fu^l (jli <u>yLiII 

i^5LU Jajljjj i— i5^4 \S y^j Ijjiffj . (jjliJI <j£ ^jLiJI jl (jjLJI jji t-y£i\j 

^_j2j| (j_* j*^l k_i_£jll lifJ jiai (jli ijJ jlaj <J>yki 

J ^.3 * ^> A . l U . — *J 4 J ... Kflii (j«£ 4 > >jt>Jl OjAUa)! O JuA . (jj^II (jj 4 j ^ ,.,«<. > \a) I 
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(3) | 

1 — iui viLJji' . (O.E) Optical Exaltation <,>>—11 j*-e i-o-aJL <~iju ji ^jUJI 
(JjLaJI dJjl-JI fjtij i^jUUI <tu lj)l aj <JjLu1I jjj£JI j^U>» »«.» ll 
jj L»£ 5 jaLJ=JI oja Ji* j->_y i^J jLu 3JL> o-«^l i^Jliill <k*ljll jjSi l*jie 


(5) Jjx>Jl jfeil . diallyl 


Compound 

Formula 

fBSKm 

[(iKVH 

O.E units 

Isodially 

ch 3 -ch=ch-ch=ch-ch 3 

3.004 x 10" 5 

2.889 x 10‘ 5 

+ 0.175 xlO" 5 

Hexatriene 

CH 2 =CH-CH=CH-CH=CH 2 

0 

3.058 

2.852 

+ 0.206 

Phorone 

II 

(CH 3 ) 2 C=CH-C-CH=C(CH 3 ) 2 

4.539 

4.273 

+ 0.266 

Diallyl 

CH 2 =CH-(CH 2 ) 2 -CH= ch 2 

2.877 

2.889 

-0.012 


Jl k»~ 'll (j^jLoJl Ji* <2jJu <2i> ji <JjLuJI J^JUDI <kj|jJI (ji US 

jj .» ,iS* j_* L_*5 i (j_e (jj'jjll 1* j-> 

jsJ\ oUSJll o_S Jj . 6.630 x 10~ 3 J^UaJI 2.618 x 10 -3 3/Jl 2*L«il 

4 < ty*j Ji-i jUS^I ki>Ulj3 Jx>-^> (a,b) U>SJ*>W-' t lll ‘ <j^>lio'lll Ji* 

. oUSJIIj 4 (jjliiiilj (j^-*ljij*lll LoJj (lSjWI jji) 




O 

I! 

C-CHj 


[bl 


Optical activity ^^aJI 

( yiUJI yli ijtJl.oo SjU jl (Nicol) J>S^j j>ii* JMa> JJ*£ Ljic 
JI CJ-*j-> liiwjjffJ I oljljxJ^I (jl (ji<S! 4±4^> , lyioo JaZ+j ((j^*ll jAl&JI) 

(j_* j_»l jJ-.ti.l* (_Jj_P ji ilj—j 4-J ni . T .i J l 4^-oil ^JsuoJI IdA (jl jJj . J->lj ^tw 

4-jtJ.l-.oll *J— oJI (jl — 9 4 Jj^J (Jjl y» «j — oJl jjAv* J>^> j^ili* 

(jLi 90° <-ejlj £>-e>« ^LSII j>-iiil (ji >J . £»J ->>^J 

. jLtl.3A.ll <1 4±>JAK^ tj >0 -T.tl.iol I 4 -itJjuoll 
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(3) 

^Ja— * Ojjii! Lf^J J^JL>^il 4 i-j^Lo'i! 4 Jj|_^JI youu (2)1 4_jjjj«ll y»j 

jyVxt) (j^JitUlj faj yilt (2wj J^JLk*JI 0O» A>i LiL>jl jlj . (OjjjJ) i_jJo2jLtll »yiJI 

5j_jAoJ! JjJLv^JL (J^JLauJI oua Jjj (jli Ij^Jj , jlxill (Jj^ (J^£|U 

. .LI ti.Ulj i^iyu Lfjlj 4 jLcJI jij t <^>L2uJ! of j cj^j) 

*— »yi£ »L>OU jl— *^Jl jl (_yi ^3 ii jJI yi jij 

.(laevo-rotatory)ji (dextro-rotatory) icUl ^Ja sUol ^Sa ji LeUI 

: jy*\ IjA l jLc . U ii u (jljjaJI ji 4_ify»J'ilf 3^jljj 

OjUl 4j^kjJa — 1 

. (JjLkJI ^A \£y>3 jjJI <J}1» y« i^jJI J^mJI JjJ » — 2 

. Djly>JI <>jJ — 3 

. 3^jlj (Jii <1 JjUl &i J^kJI — 4 

.( j^l 3 L J LJ I Jyk (^>y>JI ujj 3) 4 _ySjjJI) oti^y>Jl jjl£ — 5 

(jljjjJLl l^IS' 4,jl««ll 0 jjk yj j-jLJIj 4 iulj y yl i— UK,) jJjSl OJA 

SjUI »li5 i»-jj yH«j yjJlj [a] 

WI- 77 


(J yJ» — £ 4 OljJjJI <ijlj — Cl 4 fjZf ^ I JjtJl — "K 4 Sjly»JI 3j*jJ — t 4-1, 1 > 

, iiLiSJl — d 4 jilL JjLJI j y*A 
jM yu*j}l OjZ** J->vUj 

r it- a a 

ttx ^dg tc 

J -4531 JXA — g 4 p/ plj— > >1) *. jj S yJk-djj 3k .it. HI Djl-tll yjSyjJI — C 4 i fc ^ > 

, J i>lj (J5J ^JxijJI ojUU ol»ly> 

dl/ ^ 10 x 55,4 ^ (jj 2 S^f) 3jU 3^jlj 4 o!l£ fj| : JIjL# 

0.2 Lfljk J_j^uI ^ 3.62° IajIjaj 3jjlj liill y> Li . 

. 3jd ^IjJkIvL , p 20° JJA jX4 
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jA gun'l l 


( 3 ) 


a 


M = 77 


55.4 x 10~ 2 = 


3,62 
0.2 xC 

3 




C =32.67 kg m 


Measurment of Optical activity tliuJI 

L^i yo I j!_yU jtjjjJI 3^jlj ^l^Ii 

. (Polarimeter) 

Poiarimeter 

(16) J 5 _ . ti l f j-i 7> l i. .jlIIj jl4_>J! l^_li uj-Suy (jiJt »lj— A-Sll £—ijy i-^Ltc 
, (L) 3 — -oc Ji) >- yt J y— _JaJI t5jL>i (S) K .»'»< tjj *yo . 



35J It 


* B“ r A 

a SZCE»0 

0 



(16) JSA 

J1»^J! <_bU* yC (L) -LrfjjJJ o>J,\ jSuiJ! ja 1*5 

• (Analyser) (A) JJ» » I I (PT) y ojxilj . P ( t-iks* I I) 

4-L> — i\y Ij-i,; ^_} . !>Ul5 *yii\ ^jL> J1>%*J| . T t— >j^..i L tl“1) <b~*\y JUkJI 

J5b> tj* jjait ju jLfJjJl (_ji J->Jj ^3 Jjl»wiJb (PT) ojjjSf 5U3 . (GS) 

. fj>yo Jsbtb <J JJU! (jl Jjy L*j . ^<5Uf JUk*JI <jyi . iy i— »jSL»,Jjj| 
<jL^ |jl oj* ^ jUiJI ^l» (jjifcl 3 j4 

. JiLd) iyljll i^iyJ 4^1aj . jLr LjJI 4^->U jl V>-lj 
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( 3 ) 


Optical activity and Constitution jjJlj ^jyUdl isliuJ! 

Jljai—'ilj . (]gj— • > J J II i L i 5 jjJlj LLidll j^u ii^Le j-»- 

ojLjSjII . jyi., Ul l t (^t>yjjjJl c jySJj.aJI • Cjy ^ I oljj <, ^AA»p 


Jl>. 


Lj <jl 


JelU I 4 J j^jJI tiiUS^ll i ^Lutyll \Cj|j i^euJI 

: 3JiLil JliiSl 

(17) JSLS ^j3 US' . iiiljjJI iJutiio J±£- Cilljjll — 1 

ji-i. - 2 

y! jSJi I U-lU iUUjU 

J jj . JjL.. till ^Ja-^JI 


H,c7 


-^CH,OM HOHjC «?™-^S>c»h» 
fig, 17. Mirror Imase of amyl alcohol. 


t Oi III I ol jS> 

■ JiU}* (jl J ijiji 


MINMOM 



I 

Fig. 18. (a, b & c) Allens spiranes and biphenyls 
£h ) . iS ..,. S ( j _Lc j^»y3 L . n^ l A_liUii j-cLJLo ( jltf ^illy oUSjll 
. 4_>joj| [j,. jjj jU^JI Li ubi J ji.'ily 4^»li uby J Uj»JL>I 
Jsl tj 4 J i Cj 1 ^*53 1 ^j3 ^jiLSU JySl JliiMl !JJ kyLkj (Jj jySjy ctdlill JS.Sll 

iyU-lL < _ r *— *,* y uby-^l ^ ' <j* y*^l ^ UaJl^I Jk*,. ji.^1 ^ 

JS-iJly . ChaJySl (>j_eyiJ I Jl *Lsi ^SUekylkil lj* . (racemic mixture) 
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| — Cm 1^1 <-ij^ U y*j . (jjm) 4-iys U y*j 

. JaLiJ *J u*d (ji o513j ji-'Sl *+2*i b^j« C m~°^ J! i5y>Jl p-j y> 



: JaLijJI <i-o LfJ (_Sji-”il oLSjI) (_>emj 

± 3.82 x 10 2 ± (jljjj <Jj CH 3 -CHOH-COOH HiSS’MlI (>U> J& 
±157 x 10 ~ 2 UjIjaj C 6 H 5 -CH OH-COOH jyjolll 
±59 x 10~ 2 Ujjj C 2 H 5 *CHCH 3 CH 2 OH Jj__>v5JI J*/il 


4 (J^ i > ». * 4 ^J«OaJI obkSJil (_>£ 4 AJ wU jS 

. JilJI IH» 4 O^jjiUI 

R Ri R2 R3 N + - X" (quatemaryamm salt.) (nitronium salts) 

R Ri R 2 R3 P + - X~ (phosphonium salt.) 

R Rj S O (Sulphoxides 

R Ri R2 SiH (trialkyl silanes) 


Jj-) jjjj\y£}\ J_Jj 4 ^j_j yj> Jabi) 1— o^i LjJ Jl j±£- oUSjll ooaj wJUa 

jlij jl ijS b^ obSJll fljjb ... Iji&j ^y) J_j-aJI oljjal 4 olj_^i£ 

J_yu jl I 4 J I oLSjll (j53j 4 0 b 4 J.Hl ji L$jLjj « j* 

. l$J o^SJjJl Jl IH>j iJL*JI ^ jl JjJLkaJI ^ ijji-l 5^» LftLij 
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Dielectric constant and Dipolemoment 4 Jj*JI ouLJ 

J5L-J (j^jJ 4 J,JL>jD 4*4-11 cjliLoJI (jj jiluj sjl*13 JjxJI dull 


(QlX (Ql) C>H (F) 4l*viJI : 4 _*ij)j£ iLJbj . £5j->JJ >— ySjjJI 

Jj-C duU 4! Jgutfj y (r) 4jyU iiLal 
iji L_»f : o'tj 1 u~^*i (*=) 

. dujljS' jL*,j| 6W1! J^AJI 
F = qi q 2 / e r 2 
Li .>ic i-ibLJI el_a Jj~ >.* ij£lj 

&*» J 

A 

Fta.20. Definition Coulomb’* law F = qi q 2 / r 

t5jl — *3 Jj— *JI dull — (s) 6i> 



Compounds 

e 

Acetone 

21.2 

Benzene 

2.28 

CC1 4 

2.24 

Chloroform 

4.80 

Diethylether 

4.30 

Ethanol 

24.3 

Haexane 

1.90 

Nitrobenzene 

34.8 

water 

78.5 


4 (jju— /'ll J__ii 4. yjjaiil i$ j—i 
,j-3 d$j-»JJ lijjlf 


F 4. ,«4 » ^lc jjj3 4ili»Jl jlj*D (s) JjjJI CjuIJj 
O i* £>* (g) yi jii . 4«jbL>v4 obfcjjJ 

(j,u SjaJI Jl£> Ja-.jU 4^L>’I jJI d*l!yj>JI 
pJwC ij^j . ^IjjUl (J-* If-i* Jji 4*4* Jl 4jj. J A.iJl 

cjL»jJ ,>,i>g (SO) Lyju «•! JJ Jj_«JI oLj! (jL 

ajj-sAjll (F) 4 ^J Jjj—io ojjt IjJ . ii j*JI 

(^yjjuU 4 j .» il bj 4 (VgO) 4 i|i2j £lji)l y 

QAM (6 ) Jjxj*- . \xj> y-*~° jyitill ujijj (2) 
xl» : inJLiJI jIjJI y Jj_JI ^3 

• t 25° 4^,j 

Jli 4 1 ii k 2il jyi jljil ji 11* yj 

oLSjil l t lj; 4_ i jA . ri yyS Jj_£ duLJ L4J 
Jl £>ji j»^5 I 4 J ^*LJU ♦ Ul 4y^jijjjuJI 

•t !^ 1 
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.4} <«. L ull jijli JiLJl <j ^,li »U| j^b ^j^Jl JjjJI cLuU jjS^j 

ij^bdl ^h»,jl (j^iLJpAJ £1 jiJ I 4 a*> jic jgutfjJI 4x~» 4 tjl . 4 «, all <j£- 8j Lc ^ij 

€ — Cmed / Cvac- 


OuC p^Lw JJl— / i»j,J £>£)_} t ^li jPj »U'il 4j^j yL> i_i_/lill (jj i j +, J y£Jj 

4,».„i5,l bj (C 2 , Cl) oU-JI yjLfc> gt bbu 6<)bJf *1 Jj*ll 



jL>^J < _ f — .t^UI J5LJI 4 jj_^L**j . L^~<4i Ci £>l 

. 4 j jj tu jIjII JJLJJ — (s) 


Diplole moment 


p>J* 


y£\ j» Jsu^jia iil—Jlj ^£J| ol. Vx . tt l J-oL>- yP ojLlp j* : ^t k s l l pj*JI 

|j,=qr ^wu ,(|i) jj^Jb l^J j k_jJL< ji'ilj >_ U>o»i 4 ^jL»i* 



5-C OjLaP . (± q) (ji £_oy *-*0*^1 Ij-P 

yy~ x v-JLi jP»^llj y>^« LaJkX>i ^u lit 

^xJauUI pj-aJlj . (j j j J» £)I yyi* oi—! 4jCJl 

C>S*i ^jJlj 4 — Jv T li 4.. < j? <j_P OjLlC 

. p-$~JI Jjkjj twJLJI JI k_ x»-_}ll y4 p d •-; 


<_*-» . «iLJj j*_P pi (£)>J Ijp Jp ^>>Jt Jii 6d*l <^4*11 p>J) 

. ojbJJ ^jijjaJI jiJjO 


4_yJ^fSiJI oljJV^lb 4ju>wJI i J~ » L n i. Jb liLJI ii-jj , ^jJaill pjjJI uL> j j 

i>L,» J_>lj J_5j 4, ,i>jll 4,*i >. jib 4j|o#>jj ii»b_jySJI <j_)5uu wlkjSlj . 4 jJLJI 

■« pb^jb 4jl ,<Uj 4ji£L< a.L>j 10 ^ X 4.8 4j£L» 4^jj4^ 8 Jl>j 

i_u j-j ^ aj_>j 10 X = 10 10 X 4.8 yt ^jJaill pjjJI 4 UUJI eh* jj . 10 
|jj . yjt Jil p_4_j5Jb ijJjjJI oL. 1*211 £>£ Jj . tjljyJ Sj^J 4.8 j! . p— < 40^ L< 
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ja>Ji (3) 

43SL. sj^-j 10 * x 4.8 = ^j}j£ 10 ^ 8 x 0.1602 <x»vAJl 

uj^ij . y* 10 iiLJIj 

Dipole moment = 0.1602 x 10~ 18 x 10 -10 m 
Dipole moment = 16.02 x 10“ 3 mc* = 4.8 dehyes 


(iLsjJ olj^JJ jljif (_y-m.ll tiuljj (_>Ajy (7) uj J-> 


Molecule 

Ud 

Molecule 

UD I 

cm 


CeH* 


CH 3 C1 

1.85 

h 2 


CH 3 Br 

1.45 

C0 2 


CH 3 1 

1.35 

cs 2 


CHCI 3 

1.15 

so 2 

1.61 

CC1 4 

0.0 

h 2 s 


C 6 H 5 OH 

1.7 

h 2 o 

1.85 

c 2 h 3 oh 

1.7 

HC1 

1.07 

C 2 H4 

0.0 

HBr 

0.79 

C 2 m 

0.0 

nh 3 

1.47 


Determination of Dipole Moment pj*JI jl>J 

<j£-> <^>1^1 iiL-J! <jli . ot-JdSu — On yy SjL 

cjL^iy> (jl jJj . (Pi) djLv Jl <x>jll SljjJlj oJLJ! * i.*..ill 

i£j^ JJ 3iLo)lb (Po) j->_y <jli ^ib ^^4*4 . LfJ SjUI 

i aj4x> Jj_L ^yie ^u^SuJI i-jlksMJ LjJ! Jl ^U a tj u /il jjiu . i_i ll>S.T.. ^*jl 

jUU (Prn) i_jlkEo-<'il (jli <JlPj . o U . *5 >ll jrljli SjiJI 

. (J>yy ~ jijS^ iljU#) ibUll 

P m = Pi + P 0 = — — - — (Clausius - Mossotti equation) 
e +2 d 

(jU)J lfjj.fr l»5 . d ->y ^UaSjL*! — (Po) t > i i. xl l — (Pj) £ji 

'. L*a_j 


t, 4 

Pi - = 7t N a 
3 
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( 3 ) 


p = 4 TtNji 2 
° 9 kT 


^ik a l ) — JJ. i CL — t5^*JLI jj^ — N i ,),->• j 

— jtjjys 3JjU* (^li . Ailkil ijfcjJ l T l viulj — k 4 jkiiJI 

: ^ 1*5 SjUj £> Lki ^yyy> 

e -1 M . . 4 rcNu. 2 

P m = = — 7i N a + , — — 

e+2 d 9 kT 

4 Ll 2 

= — 7i N( a + ) 

3 3kT 

: (jLyj 3 JjU* ji o^U 4 ju 2J SjfoUJI si» 

JjLa* 4 2.033 ^_lL>Jl (j L . A j t l 4 _a5j 1 Jj*JI ouU : JIjlj 
. r 20° S_>,j jiP 3 r / r \jaf J 778.4 43il5Sj 1 .427 ^ (D-line) 

cSjV . ^1 '<j 3f «l) 10 x 84.16 uj_jJI yU 1*1® 

■ jij 


€-1 M 
e+2 d 




_ 2.033-1 84,16x 10 3 kgmole' 
2.033-2 778.4kgm“ 3 


= 2.769 x 10 -5 m 3 mole -1 


= (1.427) 2 -1 84.16x10' 

(2.775) 2 + 2 ' 7784 
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= 2.775 x 10 5 m 3 mole 1 

Li^Zj L» j — » J{j aJUaJ ijS Lkj (^uJjLaI! ^I.> WI..<U ^* < ,^ , 1 1 jli <^Lej 

• J** ui ^ *J>V Uj ‘ OtMj'-Jj 


Determination of dipole moment 
1 - Vapour-temperature method 



( 22 ) 


f j*JI uL> Jjt 

5 jt j>Jb jl>uJt SjujJff — 1 


(J -i oLj^jj>J! (>* 

olil ...» ^Jlc oy& 3 JL>JI 

jrf-iljll lie* J->_y “ij oOjjo 
( jLi I j—^Jj < ..n^Ull iiiL5^jj>JI ^j-lc 

. ouljj UajL^I c£*t (cl) <■ (p) 


JS ^ jl7 ySUll 

— <JI ph — W-.U (a) t (p) 

4 p 2 

. - nN(a + — — ) 
3 3kT 


<J** ^ylj ^ Jjii* (Pm) (22) JiiJI (ji US' 555UJI f-jy 


|jj . ^3 7t N a <i^3 ^* 2 * «^» . — 


4 7iNp 2 
9 k 



J)-j £jl 10 X 1.38 iiulj <j£ (jd^yftjJly ,J^ll iylj — S 


: ^Lc N 


4 71 4 


1 -. 


p = 0.0128 x 10 18 Vs (slope) esu.cm 


= 0.0128 Vs D(debye). 
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2-Refraction method 


Pm = Pi"^Po = “ ~ 7 
6+2 d 


jL<5jVI 42jjb — 2 
o y»y» ~ 


iSMc ijij 


4 tcN 2 

p " = ? W 11 

Pm=Pi+^ 

9 kT 

Or u 2 = P m - Pj 9 / 4 kT /^ N 

u = 0.0128 V (Pm ~ P.)T dehye 

iljy> * >jJ til J_i* P m = Pi + P 0 = 7 - 3JjLu (P m ) ji» 

6 +2 d 

[Rm] ~ UjUII *-1 j-oll ouii jLiu^/l JjLu (jj (Pi) 

n 2 -1 M 4 

. iJjLoil »|jL>u-»l> (fi) v_)Ll> ■ = TiNot — Pj 

r n 2 +2 d 3 

ol Ji l . ^ 10 x 6.3422 y> HF <— iSji ( jA>2]\ : JLw 

. (H — F) <LuljJI u.»l . p 1 0 x 6.3422 ol Ll» > Al l 


bionic - (0.1602 X 10"‘ 8 C) (0.917 x 10“ 10 m) = 14.96 x 10" u mC 


percentage ionic character = 


Uobs _ 6,3422x10" 
u ; _ 14.69x1 0' 3 


x 100 = 43.17 3 /o 


: I yySjSlIj Ujj 5ivji IfJ ^1 fyj&aJi £/lii ^11 jfi JjZ»o1 I - 3 

. ^j_«U 4-ji^jijIl ^1 U* oUS* jl\ u*>JO ±>y 

'jt Ull>u I £ji 0* (^15 Sl*i 

Jl (J jJlj 5o>lj3ll <i , ; l*UTl l oUyjj*Jt Jl 4 ^jJLJI 
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(3) 

4jl ^ olb <j_£Jj 4 ^-,4*1*0^ I tj .An,) ^ i jLj (C = O) Aoj\j}\ 

jl_j_ll oja (ji (J 1a UUj pj«JI ^ji 51 ^JUj <. ^ «-L*JJ 

• ^j!j WJ <y 


o = c = o 
180 ° 


f 


U (D) 0 


120° \\ 

o 

1.61 


j— 4jj}& £— jIj J_i* oL_j5jII (jl L»5 
¥ |Jj«JI £» 4 j«-4> ^JlLxJJI (jlS,JI 4(j 

/ j\ jl jsj >' l v. - .j ~» , i i ol_i£jII ojji ,jlj 

oL-n S jll OJA (jij 4 v. 

(j4 <j**i lj*J ‘ 

^ (jl i»S , 23 dajjSl SO* <Jauil^j ;_>ojyJI 

•ipole moments and configure 

onsofCH 2 andCa 4 . L>W <-*' ( 24 > <oUiij J 06 ^' 

P-dichloro cxj *—> jjj — & J>' 

p_<JI - trichloro-benzene 4 benzene 
iylj <jli ljuflj 4 (j^jJuJl 4iL» ^k— Jl <>y C — Cl pjA yi 4 ^jj.> 4 ji-o 
P-dihydroxy . (j^jjj ^tSjjjiA ^Ui IjIj 4 r »5Jil Ixi# . y~° 

j y. Jl ^jAa 4 z > -^ 3 i l ) l l >-. l «« S jjj^fll <_Lul_Jl jj ,.ti~ 4 ±jj.> 4 (jx£^ benzene 

. pjA J_y>j J £y Lm 4 <ij Ij J-»j3 Jl (jSUj . <*. 1 ->41J 


Dipole moments and configure 
tions of CH 2 and CCL|. 


TM 4W« 


d u vr» 

o 6 ^ ^C'x. «£■ 


Dipole moment of benzene and its derivatives 
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(3) I 

: 5J5UJI oltf jll ^j..,i>.~i <L»ljjJI oi® — 4 

4. For stereoisomerism in organic chemestry 

JlSLi^U oLS^ll (jl li! j 5! ^jj*3 1 y>j lift ^j3 

i_y5jjJI jj Jujvlj el_»Jj Lf! Jjiijjvll »_u5 yil ^ ^JjLaj LfJ jl iLlill 

Lfcijj « (Cis-form) L^_> ^ ^jJl oloS’^ll o j_»j ^juLj <Ljlj ( jl n « ~ i^iJi 
( j k « < "i (Trans-form) I 4 J iliLia cuLSjil 

Cis-from (a) k_j_Sjil 0* lU* . (25) JSLi . 

. y~o (trans-from) ^^1 Liu <, (1 .9) 


H-C-Cl H-C-Cl 

I! II 

H-C-Cl Cl-C-H 

Cis-form Trans form 

u (D) a- 1.9 b = 0 


Dipole moment of dichlore ethylene 
Fig (25) 

Jil^Jl ujL jJLp aJLjlw! 

L»juP (CGS) (SI) i>j£l)l o!j l>_j tj+fi i JjL^j J^-euUI L — 1 

a 

D7ir t 

. JJU Okj^UI c>-W p ■ 'H - 0 .. T 

o VL 

JJL-. o-&h J L^ (>i-j t ? JJl— J J 4 I** (> ^4-fij IjL — 2 

. jJLlwjl ^I jj - u Luu 

ji ijt JJLJ! ^ u fuil Li t jljiJ! — 3 

. yyi I Ljiu ll 

. JJLJ (jjliuJI JaijJI y^l>JI jjlsJl — 4 

: irfJ'il oljluJl — 5 

£« (JjUJI iai-oJl ~ — > ~ V ^•kLuJ I — i 

. gJjLtSl jJ IjJ Im^JL ojlj^Jl 
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jL— iij ji jl f, > >■'..■,! (_< u > *> : jLo5j^I JjLaj j- aij IjL* — 6 

f ^Tjl^c ^ 3*-L-Sl 4^1 L, JJL. 

. j L»Su ^U yS^ji Jjj ^l^li y«L<*iI ja Uj t ojU jL^ fu ^l JjLm y4 IjL, — 7 
kJUJI j,ul3 jaL t JJU jl..ij'.‘i*^l J*Lc» JauudJU (j^j — 8 

. (^LujIj LLjjI . JJLJ (jlJjJI <LJLj ( jle 
OLl^i 4 ^ia{ jjaLj ( <L^l^S 4 l iJ l i5 (^u ( ^ ojU Lu^ij ji kLUJ! jaI* — 9 

. *1*^1 

• plO x 5.8415 «- — *— SJJL ^ j*JI —10 

J_SJ f> Jj* 10" 18 x 1.275 4LK-iJI I r 10“ 10 X 1.275 U^Jf J ybj 

. (H — F) Jsljjl] 4^111 4 juLJ 1 k_i_«L>-l <lx.t 

pjjJI <i>L.l^5 I . ^ Ij.l.t A C>i*i i-i^S ? ^j / J n i l l ^J*j| jaL —11 

. ji&j <iyojii\ jj^II <#&y jl>«J jj* ^^jlaiJI 

jJa 1.525 AjkillSj t 1.4573 ja (jU^il jL Ju ^l J*L«j —12 

jL4w^l J*Lm i_^v! . 153.84 ^a yi ^1a ijj . ^°20 

• 

,j*L» 1 f*J-^ 4J/ 2 r 10 2 x 55.4 _j-A (jj-STil) [“Id “W* -13 

plj>-.1wLi f°20 Jilt jjj 0.2 OjjJI jj °J»7.24 jljjJ SjldJ y£yl\ 

. ^yiJyo jL>o 3jl 

.Vi . iiC 1 .3715 ^_a jL-4u^l JjLu . p»*/^ 1 .046 l j» JJjJ I iili£ —14 

. jJjIJU jUSJ^II v-o-l . 60.05 oj^yij . f °20 

: iijLJI ejA o^ksi —15 



_ , . _i M € -1 4 VT , n . 

Pcm mole - % N ( a + - n — ) 

d 6+2 3 3kT 7 


jLLa * Jj_t ^-.90 = P oJi5 (jlc) CH 3 CI <juLJIj k*.ij> 

1 1 a 

. Ju« = ~ JJ* p—i 50 ^Lzll *-j » Jlj 1 0.004 

, a - i 


.20 y» iaJuij >.? 1 j f ij+i 500 JaA JyJ! OjU k_juk>l — t— > 
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<ujUUI -JUI 

The Gaseous State 


L^Jli-n (jjj . L 4 J (j&u jl (J5Li Lilli liiljliJI 

ji L^Jjjjj UjliUI < JJ ^ jL * ' LfUliS" j*~o Liyi 

cjLI^kII (^j_j k_/jl_»oJI Sy LA . SSJaJl 3jj> LfJLS^y* Lm tlejJI 
L_>ljjul L$-ojw ^_yuj £l CjljLiJI yj»J u^-H cJI LA . 4 JU 4 t jl jSLi j jtfu 

, 4_gjl>uU -t^JLisj (jj£j j JjJj> (jj-V L*b 

Lli-ljj j ^>j4 jij oljUJJ JjLJI Ui-ljj j Jjlxu k_ <U!I II* jj 


,3-t; jL> (j— * I ^ ju AH j <Uoly- (j jJI jUJ! il! j y»j (Jliil jl*J() ^j^yu JL»jJ 

JLIK jLjJI y^Jlyj i -iyj ChylyJI a ^*j (^>v>Jlj JmvaIIj Sjlj^JI j^lbu) <Lg>L» j^lji 
»Lbi UUN < (^>v>JI t SjljjJI t hi. nil) ij^AjJI olj^ull LuAJly 


■£J ± J ^jdl tJLoj ^^4 LjJj . liJUJI (jJlill Jiib Llui-il Lull 


. jUJI J^L. 


1 - Boly’s law (1662) (1662) Jj# uylS - 1 

(y <J 4 *JI jljJU ^>0 i_ju»lu^ (. toll Sjljj» i»jJ Jo* <il" Ijt* ygu^ 

• LA 4”^4j 4 x 6 jj.uuj I • ” I jmA .P Lju-Lu 4jai g > £4 jle 

If 1 

| V oc — , if T is held constant 

K \\ Or VP = constant (K) -1 

jjg T t A>«w> P 1 jUJI ^>v> V ii>£> 

a ^ jj^L^JI (Ji Li . l l d>* 1 a>Mj y LA) . ojIyJI 

j j ftf**" ^*ii^ v>^ ol OyliU 

Ojl j_> O-jJ JoP Oull jlji* (JjL-y 4. h «. n 

oyLi <- La »>« 4-41*7 i j - ^ « (i j . Sill 

»...*££=_*» o~ »-«• r* <» j“' j w W* 
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4 t 4 1~KI 4_i_-uJLi j 4^IxC) SjljjJ! <L>jJ Cj jjj JjlC Ja__juo]| 

(5j_>i i!L> Jl iJl*JI sjjk (jj oJj^O ^ ^Uul (Vi) jv^> j (P])JxiL0 ilc jlc (jj 

: (jli Ejlj>JI L>jj oj_^u jJlc (V 2 ) (P 2 ) 

PiVi= P 2 V 2 = constant at constant T -2 

iiUI 3JbU)l jSy 


(1787) J jli j^iU - 2 

OjLi (j_j Jj—iaJI jljJLt tOjlijyj s; >w « ~ JjlP J_ujj jljll ^jl> ,ji (jj 

^Lc jj . 515L-JI jl 4 iLnll SjLII (jj jiSl j ai 5 oljtiJI (jli 4^l> <i_ouj , (jji.'i 
(jjjlzJL U«.aH cj^ju jJlc SjIj>JI <L>jj j,uu jliJI jrfju <jp JjLi jjp p 1 787 

:JUI 

jL*JI i>jJ (jj 273^ jlji*J j* jl jlp (_5 1 (jj 4 .i l v m i 4^ jljjj 

jJlc dJjj Sjl>Ij <L>jj jl Sjlj>JI i»jj jJlc ji-cJl 4^>jj jo£ 


J— ip jL*JI jl (jijxju i Sjj . ni l 0.1a ^ic <jjjllJI I jjk 4_1> jj <jSL*^j 

. JjLi (jjJliJ liub 4jli i jUJI (jiwj (V 0 ) jiLeJI ij>jJ 
„ rx 273 + til . 


Volume at (Vi) at tiC° = V 0 + 


Vi = V 0 


273 + t, 


(jjJLill jl^K (jj_^j (ji-*£uy jL«J! p— > ■ > (jl_i 5jlj>JI Jjvjj (_>A<l> aie JIUjj 

: yi'ilS oU^l^j 

( 273V 1 

Volume at - 273°C = V„ ml 


= (Vi - V 0 ) = zero ml. 

sj_» JJl* jj . j_La!J jLJI ^.;k> Q i. rt, ) —273° K ole <51 <, 5 ! 

. ( I ji|il jl 1 1 » jK><~ <jSL*i JlSJI) ^jiaSDI J^j>Jj| y_)JUJ LfjjjL> (jSL*j *j( iil>JI 
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jjjui UaJ (4) 

i_> jj j (ijJd^S) Sjlj>JI li*jJ L* t, T TK = (273 + 1) jhillj 

(K) jjjJU Lf ! j-iy ^. Slh ll 3jlj_>JI . JI_yJI ^1 p ^jjjJI ,jip 5jlj>JI 

. o¥ 

y 2 = Vo f- 7 — - 2-1 ml -4 


: (jl* J-spO (4) (3) <£>U)I o— 


273 + ti 
273 + 1 2 
V, 


= constant 


jLp y_J Orf— 1 jtji* pP*P" ^i,! Jjli (jjjli yP 0^*ii 

Ua.All Oyu JuP 421MI 4jjly»- 4_>jJ IjjjjL Lu^Uu 

V oc t if P is kept constant 


— = constant 

T 


V = K 2 T 


: («t>lj j^iti j ol j.I I ^x> ^apJI) oljliiJ j»U3l oyUJI 

J uUj t T] 4 j*jJ jjp Lf3]l» j jlp yA yl yAy# IjJ 

yi o5L»i jeijJI li» jl*- yli p 2, V 2 , T 2 .up ljulUl ill>JI Ji ji>C V 1 t P 1 

: JJliJI oljLiJI ^jic 

jJp) V JI Vl £>J j*JI y « « ^ » it* P 2 JI P] J m . A) ) j y£«jJI : Vjl 

: o£i J<K OlP® l**Jj (iiwli T 5jly>- i»jj 

- - P 1 V 1 

PiV!=P 2 V •'•V—H- 

P 2 

V 2> T 2 , P 2 4^1 4 ill jJUkJI JI V\ P 2 , Tj 4 ajLJI illaJl yj jliJI e >* -* £ ■ L*il5 
T 2 JI Ti yj Sjly>Jl 3->jj _y*jj V 2 JI V (> ^***JI jiQ (jl iuli Ji»j P 2 

. Jjli yy l2J Liitj CjuU Jmuc JaP 
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V- 


-7 


V? r 7 VoT, 
= — or V = - 1 


P,v, V,T, 


: ^le J . <V> "> ijjliJb Jj'ill .1 »^Ll>JI Jaujjj 


JjUII j 

P,v, P,V, PV 

-i— l- .. a . , j . or — = constant = K -8 


jliil ijj J C A< ' A j . n'J b CjuU (K) jUJI ujjlj iSMiJI villa; uijJU U OJJtj 


The gas constant jUJI cul5 

^jIj— >^II (ii) jIaJI A^aS (I) Jjic K liulUl Aa^J PV = K T aJjIaII (ja 

JL>}UI ,jjj . SjljjJI L>jj <. «jk>J! c iuwJI ki>^li!l cjl^jiill ij£ ^llk' 1.1 1 ujl>oUJI 

j ojL^j o«- u j JLJ Li jUll isU^ j ojl^j (ji <jtt 4 J»ua)l jl BjljjJI <*jJ ojjj jot 

.K’ Oyloll j jrfAJ Akjuj JblLj pjy*>JI 

o / Pj ‘r*— L*^ (K- ) * i **'-^l oi ^-»iyi 0-*j 

■fi j jL«D vzj'jj-* jj_aJ o^_iLt» L^jjt 

^ ^ y-S^J T,P Jiip pj*oJI 

t IS<F. • j 1 * 11 

► Absolute temperature K X fl (moles of gas) 


► Absolute temperature 

Fig. 2. V. T. Plot for a constant mass of gas 


Or K' = nR 


A^lnV SJb 'ii _j*Li jUUI jl ^-AljJI o—*j 4 jUU pUJI 4iwlo)l R L*jj> 

J_S#^ (^jJI (2) J5_iJI j £_Aja J-> La£ . h.i.rtll vTjjjj Jo£ Aiilail SjljpJI AjfcjjJ 
(j J^jull vijjJ-A" JfLiJI *>J£J , JsAAJl jjtc Sjlj^JI A>jJ (Jjlij (V) AS jb«JI 

(jLJ dlJjJj P2 < Pj (jlj (jrfjulj P2, Pi (jiisubo JjlC iiikll Bjlj^JI 3j>jJ Jjjjcu pjK>JI 

p _>a (j_4 AajS (JSJ p L is ’!..<» Jx> Jy>j . JauLAll Aa^S 4_ill>»* K Aa^J 

(Jju J_ja 1 a j h J _S3j (Isobare) jUjj/ily (_ij— aJI»JI baa J ieS- Jfj 4 JmaJI 

. I s a . Al l (_>AU>JI A*.»ji 
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A-tjm ajL^a ( 4 ) | 

The constant volume law culAJI ^x>il 

JJL4^! a 31>JI 80* j (ji jlu *L»j j jle ^>0 (jiw IjJ 

S ji jjjjJI iiuL-JI aJUJI j x.|ilc ojl S L«l» jSSI %i ! j>« 23 <_i^w v^>ljy_y>JI 

JJj (violent collisions) ^_>T ^ ji jIjjJI £» obj-sJI 

(^JK>JI 3 ''C AilUil Sjlj^JI “L>J Jj Luc All Jj^UJI) «illj yP ^Jjyj jljji 

A— >jJ £_* LjjJjls LuoUu 1 0 LucA ulaIJu^ t jlp <jA <l'i5».l Ajunaltj) JljJI j^AojJUj 

. ji,; U£ L^aI^j aJp jj*ij cjjaJ jjp AilU.ll L^jjl y> 

PxT 

P = KT if (V) is constant 
or P/T = K -9 

oL>jj Juip ^ >.>>11 y.«.u Aju j^u ^*oJ Ajuaullb jlAJI CjjIj K. v£ju„> 

bja jjic LfliU 5 U_jxPj Ai llV « 5 jlj^> 

: Sj^-oJl 

P 1 /T 1 = P 2 /T 2 

o-jj (Jjlij Ua a JI aS^UII 

p_»v>JI CjyJj JUP Ai lU .ll SjljjJI 

j U_> J5j (3) J£i jsui-c Jx> ^1p 
y,<_« J-*# aJ (isochore) ^^iPcUl 
. jj5I ^>oJI Ujup Jii J,JI 



J* 1 -* ■ 


0.750 JbuuA izx>3 350 ml ^Ip ls ■>»~ j Ip ^ aJ^p : JLw 
Ajylj 8jl^>Jt jLllcI £» . _y> JeuuA 1 .00 U«.A JjlP A. ' i^a 1 1 jc>o 


Vi 

Vf 

? ml 


360 ml 
? ml 


Pi = 0.750 atm 
Pf = 1.00 atm 


360 ml = 270 mi. 


1.00 
PrVf=PiVi 


illjj 
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jjjujiaua (4) 

,0.C° j iLflJ t (5) j_> Lm jJLfr 75.0 ^ l $ « >».•>■ jlc (jj : Jli) 

. hvA . l l y> Lai 30.0^ Jl jLill J Lm 


Vi = IS l 
Vf = 30 ^ 

? atm = 5.00 


Pi = 5.00. atm 
Pf = ? atm 

12.5 atm. 


0°C j—i£ j> >.>JI j_a L_aJ . 45°C xLc 79.5 ml 1 $ i>> jliJl ; iJIjm 

. iuueJI Ojjju JaP 


Vi = 79.5 ml ^ 

V f = ?ml 


t = 45°C 
P f = 0°C 


V f = V; « 79.5 — = 68.2 ml 
Ti 318 

<_>jJ -V ,'rf j_> i n . 2JkJLo xLc jbu 10 ml 4juv*< tl«j ; Jlio 
. J>. 25 jijil In i t. A ll j^jJI OjljjJI <->jJ Lai ,_yue 


Vi = 10.0 l Pi = 2.00. atm T; = 273 k 

V f = 10.0^ P f = 2.5 atm T f =...k? 

? °K = 273 x — = 341 K 
2.00 

1.15 JaJtAj 35 C ,i \t 462 ml jLaJI (j— a c ^ x> ; JLm 

. (Sip) c>jjj tva.Aii Jjju j!* <_a 


= 462 ml Ti = 308 k 
= ?ml T f = 273 k 

= Vi (P 1 / Pf) (Tf / Ti) = 462 ml 
= 471 m t 


Pi = 1.15 atm k 
Pf = 1.00 atm 
( 1.1 5 atm V 273 


l.OOatm k 308 
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JJUA ( 4 ) 

Determination of (R) Gas constant oljUD ^ UJI outUl jL>j| 

4 oljlilf ijuLi u,j Ijiaj oljUil ^ LmJ t ojUJL R 

, #i» (J Lfi JJjLiJI oils’ 

PV = nRT at n = 1 mole >10 

oJUJI OjjllUJ « . rl ~J n, T, V, P £)JU iijLJI 3Jjl*il i j]ajUJ 

O-Su * (R) ouUJI oLs oljj-iill yi (Equation of state) 

. tul><J 

„ _ pressure x volume 
K — 

Temperature x No. of moles 

isl CjLvLJI 0J->j ^jic CjZJI y> hi.All yl 

P = Force per unit area 

_ Force volume 

R x 

area Temperature x No. of moles 

Force pressure x volume 
(length) 2 Kelvin x No. of moles 

- E"°rgy(work) -Energy K" mole"' 
Kelivn xNo.of moles 


y_c PV = nRT oJjl*l! yj (R) liuliU o^zJI jSu^j 

(3 jjl ( n = l jU yj Jjj 1 4. 1 4 yA-flJI O »yjj 4 J^Jlj K O ol l 

, p->o>Jlj hit. All ol.x>-jJI jjijS o,iiJI yli 4 JllJLij yjJ 22,4 I^joc 

_ 1 (atm) x 22.4 litre _ T ._i . _i 

1 (mole) x 273K 

4 -ki-oJIj ^JK»JI £>£ SyJjJl Jiil; (R) O^J £j! ySilL (>•_) 

(R) OjLDI 4-< l i> yli jilL ^jll jiil yjyiJlj P Ijli 

cr 5 

P = 101300 Nm' 2 n = 1 mole 
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0.0224 


(1 Litre = 10 3 m 3 


/. R = 


101300 N m~ 2 x (atm) x 0,0224m 3 
l(mole)x273K 
8.3143 N m K -1 mole -1 


= 8.3 143 N m K -1 mole -1 = 8.3 14 J K -1 mole -1 (J = Nm) 


J 'y> 4.18 SjJJ LS^j \j> j*** .a>Ij ul i}*i 


8.3143 


= 1.987 cal K 1 mole 


«*> I 95 KNm Sju_j 27°C jop jLc ^ 400 cm 3 ; Jlia 

, 101.3 KNm Ojjj iwi>j 0°C jjp 


= 95 K N m -2 
= 273 + 27 = 300 K 
I = 400 cm 3 


P 2 = 101.3 KNm - 
T 2 = 273 K 
V 2 = ? 






95 x 400 _ 101.3 xV 2 
300 273 


(>• pjfc 16 <U. t,i (jiJ! j>Li : lIIjU 


-i 


= 0.986 atm, R = 0.0821 1 L.atm K mol 


= 16 A 2 = 0.5 mole 

= 273 + 25 = 298 K 

nRT = 0.5x0,0821x298 

R 0.986 


= 12.4 Litres 
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VJUJ^UJ(4) 

JeJ Li ~ jlaJI <jj jl3 18 j Bjjjfcjil oli^> > <..i >1 : Jlia 

. 27°C ljj> ^ 700 mm 


PV = nRT 


n = 


700/760x18 , 

n = =0.673 mole 

0.0821x300 


J*Ay 7.53 Cij-t byijfx)'** uJl^ 1 'r 4 -*-*- 1 : 

, 5jlj>JI LuugJl (jj (jjjlaJI JaC jjJ 2.31 OjjS U.>..> 


PV = — RT 
M 

Where n = m/M = mass / molecular weight 
P = 1 atm V = 2.3 1 litre 
R = 0.0821 litre - atm K -1 mole -1 


= 273 


m = 7.53 g 


7,53x0.0821x273 

1.0x2.31 


= 73 g m/mole 


.100° C jj* 10 £ (N 2 ) 0* 0.250 LjJl* Jm^ ujl jIz : JLw 


P = ? atm V = 10.0 l n = 0.250 mol, T = 373 K 

P = (10.0) = 0.250 mol (0.0821 L.atm) / K.mol (373 K) 

P = 0.766 atm 

JjS 4_i*e 0— • 500 ml j J ji jo* ^ : JIjU 

. 1.50 iauLej 50°C jlz J j — i SI 
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PV = n R T 

(1.5 x 0.500 L) = n (0.0821 L.atm/ K/mol x 323 K 
n = 0.0283 mol 


Avogadrow’s Law jjjli 

0J >lj -UA (jj JAaII ( j1a J «*.** 1 oljlill ^yt>" 

JJwJK-j h >-jJ J_5j " ijjl ii ~ » (J « ■* * 5jlj_>JI 4_>j Jj JaJLoJI 

(jl T, P (jj 4^w 1^2)1 jlc JjLij oy^ gZ (_jjd f ijJlilf oljUU <ju<uJb 

jj-Le jl—iJl (j-j Jj_il <^lj . Ijil 22.414 #jj5 Jjj ^>lj 

. Na j^jlb aJ y»jij JJj v li* ^ 6.023 

. Ojl^pJf Of-j Jj JaJLeJ I (jj <^1^2)1 bjjjiiJI jJl 6 <li5 > i.q-vl ; JIjLj 


Mass of oxygen = 


Mol.wt 


6.02 xlO 23 


= 5.31 x IQ' 23 gm 


10.0 g £y> 27°C #jlj^ jj j-** 1 »2 < 2.0 jjtfi ^aL* : JLw 

. (jjsjlSM ^0 ijj 


PV « — RT 


(2.0 atm) V = 


^44g/mol 
V = 2.80 L 


0.0821 L. atm / K. mol x 300 K 


1.15 j> Li~oj 100°C joa (NH 3 ) jjLiiJl jU *i\X : J& 


PV = — RT 


0yl2J! £>* 
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^ h fin 


RT g PM 

PV/g = or — = 

M V RT 


S 51 SSJI g/V = 


(1.15atm)(17.0g/mol) 
(0.082 1 Latin /K.mol) 3 73 K 

= 0.638 g/e 


Dalton’s Law of partial pressures (1801) jyiij ojitS 

yS (jli i (j jLclil,) *Ul J y£\ jl JsJL»- jJLe 

^j-LSJl -k-i-eJI JsuLa Lu <j^j^l £>£ Liu^j (. iSj 3 ? i aJLo <J (j^> ‘ 

4jL&U]| 4^jyj>JI J>yLa)l L^jLu 1 4-Au I j**l ^jJI oljlnJI villi! 

BJji *J Lfi* Jii Ja j l jJI j jlfr JS <>£ 


Ptotal “ Pi + P 2 + P 3 . . . . + Pn 

<_ i>.> »Ul Lijjiftl jij i L ^LvJJ <jj5Lll oljUJJ £jjj»Jl Jxi-«3I Pi, P 2 , P 3 

->jl_ c ni, 112, 113 jij 4 lf. A *.i £» IjjI**^ oljli (>» i£jA>u ( _ f Lp iSy^i V 

0 *1 4_ilj OJj i u jli 5” Ji-i ijlj 4 T Xx£ jli 4i»^^If 

: i^lliJI olj^UJI (>* jli J5J iuLdJI 

Pi =m(4rl (a) 


P 2 =n 2 


P 3 =n 3 


• • Ptotal Hi 


(RT 
+ n 3 — 

l V 


= (ni + n 2 + n 3 ) 
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S^jULB <LxB ( 4 ) 

: jjic (6) iljUIl (a, b, c) o'ijlxll ,JS U.Aj 

Pi = — ^- Ptotal 

n; 

P 2 = ~ ^ Ptotal 


P 3 = Ptotal 

O: 


(mole fraction) jU»D JjJI j 611 ^ 2 JI <>, 


nj n 2 n 3 


n i n ; n. 




• (X) <1 J*J> yi (1^*0 

Pi = X,P T , P 2 =X 2 P t & P 3 = X 3 P T 

jlp Ja^L> j Jyjli ijjSLi (jS k i. A il yi 8y£»^ll iijUll y» Jl>uj 

. L ^ L>J j , k ». A ll J ijjSlI Utlol Jjil j~>£}\ 

jliiiiU plalyj* j^ils 

jJL 3 . *—£i £i j_aJ1 tjj Oj jjj 1 J j jj I4J oljUl! yl ^yUll y* 

Lius' J. aiiwj y_SJj <jjjL>Jl ^lp A al a ,; M jUi! jLioj^l loft £jl ( 1829 ) pUbl J>- 
0 SUjj . 1 J tal*<l j.\„.>JI £j l ^& fi i-j-jljuy Jjluj j.Vi'u oljliJI jlj jliJI 

: US wL) j ye y j.mil I 

1 


, jUJI ii US (d) t jLiijMl Jjuu (r) i 

<jli d|, d 2 U-f3ilaSj Tl, r 2 U» y^iiliu y^jli ylSuJ| Jjk<M ylS ljj_J 

. (yJy US (jyjliJI XsA^u> cAh 


«U jUall (JS. .1)1 yt—i ) yjyy»JI yjjJI £4 l^Jyt v_x-(lxu iiUSJI (ji 
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ri/r 2 = 


ijjUlUjJi ( 4 ) 



• jl* Oj_>M Mi, M 2 ‘ft-Sp- 

o4 1*1* 1 (jjjj-jjj^JI jle jLluljl ' &ti ^*■■■‘‘'1 um>>! : Jlia 

• ij* 32 i 2 ,jA u!j/^ 

L>Jf 



I jljuLj £>jL^j-**£^}i j 1_C 4 *jm» C}* jJ^f jl* Kfry* (Jjju £jl ^1 

jLU pj^UI jjjJI £4 l^..» S Lc i—twliju chUU jl* jLiuul <*j»< <jf X>J Lcyij , OjI jj 

BjL.tr>) icj— < (jj-Sj jaSI BjLSuuI (jjj (j jJ) jliJI (jl jjjjciL) . <j^u <LiLfc« ^ J n S ^ 

: ^ ^ uyW ■{+** 



: £>) (jl 4 HjjJI (^jUJl jLiuu'j £>Lj!>UI (^LujJl La tj, t 2 ti 


ri oc 


r 2 oc 


: L 4 JL _^jJ voL^jJalll (j£ju J jLUu^U ^Lljj. jjjli ^lj30Li>l 
jiUn.il I Ja^JI— >g (J-.rti J v*t« 1 »*.J L5 ( L^- A io (jC <oljDI LyJL»v« J-ai — 1 

j~ fU *31 4+Ut^ IjJaJ i^jjJI jlji’ill J jjj jj.n >oJ ( 238 i 235 fjpljy) 

. jLLij^U O^LLij Jj^l 

jl J5uu*j| 4 ,iL* *_i l**.*j . 4 . 1 l > \ l i j>JI '< illjjlj i oljLill 4 — 9 LiS” jj L i«~ — 2 
. j-^l jL* £-• jLc jL.ftiiil ( j_L jyil Jj 3 > i. l > ( 4 jl«g j* (diffusion) 

. (Effusion) 4 a t iA Lit J5L» £►* jL*JI fltjJI — 
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, A-tjULB (4) 

Kinetic Theory of Gases oljliLI OjisuJI 

4 , .< n~ ^jJI jUJI (^ul_j5 3_vljj jMl 

jL-AJI" (jl (_^aJu A jS^'UjSI l <l^JfuJI (1738) Jjjjjj (jicl jli oljUl L)J— > 
(j-» Jji Jyji-i y-^i j ‘ gijill J SjjJL+j iSJ»> j olj^jjaJI (jj y£iS JJJt ijj U^Saj 
Las’ . aL>Ml jlj-> ( j_Lc jLill C-iLLj^a- CjLij-<i (jP ^jU jA Jy*jll JajLaJI (jl ^OuuLil 
l jLfi o^ji LI LaS A^!j > Jl JJjlail jltltM (1857) ya^jjMISJ OjjLi <^laJj| wllj jjuuO 

. iljlail OJA (jj jUJI (jjj|_j5 pfcuu 

4 <jL«jlljj 4 J^)—»SL (j_* J_SJ 4_~.1j.iU Ml i^feuJI OJA CjjjuLtl Jjy lajij 

. Jli.jJli 


: jJj US <LjJsuJI ojl^J ‘LujLj'^I oSjjaJIj 

4 oLJ^jjfJlj i_jj_*J p_»oJI Oj^-JLo jx jX jS JJA (jj jUJI (jjSu^ — 1 

. atiMl pACHJ ijjlillj 4jlaAj (jSLaJ Cjli^yLU ^JjuUI ^k>J|j 

Jpjkj- j 4,tSall CjIaL>OMI ££xjf jj ~*Sy>- j CjlLjAslI OJA — 2 

. aljM) jljJfJ jl j^l IS'j 3 !^ UjU# ([jjjaJI ol>Jl i <Ujiiu.» » 

. yAaJI LyaJXX Luli,^j»Jl (j^j USIjjl (jSLa^ i_>jL>u 0j5 JAjj M — 3 

oLajLooll oj_» (jl LaS 4 4_Jjj I j .An,/ £_i ol—j^jjaJI yJJ ^jLojJI 4,JLa£ — 4 
JL> esl kinetic energy iSj^JI UUw jj*3) . iilUl ,> jUJI 4_i~Su 

(jj 4^aS Jiki jUJI (jj j^l lj^jA> yli 4 iSjA- ijlt jUJI jj iSj** 4 -i- j uSj Ljie 

^v Li .1 tjjUyjjkJI j»jLeu yA LaS , JjMl £$j>JJ 4juajSll iilkl! iyLu iiLLJI 

. jUU ^jlSJI Ja L a JU ia Ju o *LM| 

4 iiiixLI ojIjaJI <Lvj j ^ j jUJI cju^jj*- J5J ISjaJI oLLJI Ixwjli ‘-uLL — 5 
JOA ojl^j Jl <Jjy 4i»li^jJK!l icj«* ojl^ Jl (Jjj5 OjIjaJI O-jJ Sjt^j yi 

. lia.All Ojl^j Jl JljJbj i^jliJI j aUMl (ji® viibyLJI 
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ijjui iJua (4) 

Kinetic equation of Gases oljlill 4 _j5 ^>J! SJjUII 

JLill jliJI ixi uo (j^j 1 x>y i5^Lc jl^il (jiu^j iiLJI »ljy y£»lt (>• 

<!oS <. ki»ll^jj>JI (jj (n) jja <j LyjJ <jl oejiij . i-Cj— <j jliJI <il5j 

^ u >*> j Ijjlj .fiC oUyjjfJI <ji (j— • • (c) (m) l*_b J-S 

OjL»L»oI jLj j 4 Jat>J (J I j oUyjjKi! (c) iCj—JI J L il >' (j^ «j <jli 

cjL^-JI Jl • (4) JiLiJI j y^jui l*£ l^. A a i jjic 5a»Ul* (x, y, z) 

C 2 = u 2 + ipj-JJ ji>JI Jx-<_j34j : (u, v, w) jjjjJU j 

j|j_*o jtjJau.oj U v 2 + w 2 root mean square velocity c 

4 L ‘»'g <jl <jAj_Lpj . (u) L_ajjj (x) oLj*oI j (A ^k _. . i l l) i— lj*£1I 

. (— u) Ojl iMl J- £_4 4L>L-JI 4£j— Jl jjjJ (lsy>JI (jti <jjj j»|jia-o*^l 

. nu = (x) j_jjvJI obfol j ^JguJU <«l -ilvr> l Jjj £ 5 jj>Jl 4^&£ (jli JUILj 



Flg.4: Cubic container illurt rating molecular coliiiion in the x-direction. 

— mu = (x) J_^>V*JI (J*i JJ sl*j)ll { j &£ j pljiuel J ju <SJ»o 4,uSj 

. (A) ^LuJI 4j|jJa_el J£ j 41j»<3ll <i*£ j j±«j)l •’• 

vjj— < 4_jli J J_>l 5j_» (A) .JU j> J K.nj jjA (m) v^ ij > 

vjj— < <j! cSl t5 1) ^ (B) JjIaII Jl 

oL«l jlw>*il jj e (jli JJjJj . jLfcJJ j>-\ j a «■*. ' 4jIj1w»I j 2 Lm Ujji 3iL«j 
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J_SU j _^aI1I &J&&+ ‘ llflj — ~ J£J (A) ^L-JI 

XI _/ " 

. k—ilftjJI J Jl>-I^JI .™.k»*U Jl>-Ij CSj^fJ 4ju«uJb 4,ub 


. u ) mu' 

(2mu) Ur t 


Kgms 


Jj*uJI 4 ,ia£ j ' —*4 ■ *v Jjliil (B) ---It. ill u±j»lt i v^l 

mu 2 

. — " _y> y»«jJ 3*>li J£) 

1 j 

(^jLUill £>^>vU~JI tSj>d! J£J JpuJI 4 j Jj*» 0^* JbJUj 

• ( x ) jlP^ 1 ^ (A, B) 

_ mu 2 mu 2 _ 2mu 2 

” L L ” L 

eU*o) j (j+JuJ J J_>aj| 4 ^ . <r j j^_i>l| v_»Li>- JULj 

. lijU (y, z) oo*^t 

2mv 2 2mw 2 


— : j» i <clJ! 4,v.i'iIL) d3j>a5! 4^*5” j jjiSJI j*wJI ^jucyj . jjle 

2mu 2 2mv 2 , 2m w 2 2m , 2 , 2 , 2 x 

= + + = (u + V + W ) 

L L L L 

5j_iil <j ySi vi!j_>a!l <&*£ J Jjm (jli *£j>JA (yyi> 

: ^ a>Ij dsjJKli (ji- 4_>oLi!l SjaJIj t BjijII 


2mC' 


Newtons. 


: Cm (n) jac <>* 4_>jUJ| (jjill <jij 

2mC 2 „ 


2m ( 

= T ( ‘ 


Newtons. 


2 2 

Pi +C 2 +. 


C 2 = (c, 1 


+ Cj +. 
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ijjUl *JbJ! (4) 


—2 


jLJI vidlyjjfc OjU £>j 4 Ja— <^ a* C >* I L I.V 
: j* n jj£ ooUJI SjKlI BjSJfj 


2mnC 2 


ojLvLJI Sjl>j 4j»iljJl Syit <jL> i mij*n h«.All jl j 

p = 1 _ 2mnC 2 
A AL 

o-L— (jt > .— t i_i_«5LU jj_* j. >ljJl 5 j>L»j (A) t JauLAil (P) >. 4 !,!.>• 

: j» cj_JI i_u>£ 1I <>jl 


P = 


—2 —2 
2mnC 1 mnC 


6L 2 xL 3 L 3 


: iijLJI itaUll j J'ijirf'illjj V -* (L 3 ) yl cijyjvj 


or 


p = I mn ^ 2 
~ 3 V 


PV= -mnC 2 
3 


J-oL*- yl .nljJl (j_*j . 4^JUil oljl—il) iijlnHj iJjloll sjjb 

oli^>J j Oj^Aj <ilS) — iijJ5 (PV) t_j_^A 

•(jWI 


4_»5 j>JI SJjUII ijj ^lUI jUJI ^)jjlj5 jUuif 

Derivation of the idesl gas laws from the kinetic equation 

Bjl ^_»Jt <>jJ Jl 2JUaJ( vxuAlu LIaL 

: J (ii jUU 4iU.lt 

1 n 2 »-p 

m n C x T 

2 
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or - mn C 2 = K’T 
2 

j UjUII proportionality constant ^LuJI ouli K’ 

: of (2) < »..i« J Ij (2) 

, 2 . 1 — 2 x 

PV = — (— ra n C ) 

3 2 

PV = — K’T <jl csi 


PV = constant 


Ojlj>JI “ L>jJ jlfij 


Ji>y <jy& L » y>j 


JjLi 0^15 — 2 


PV = - K’T 
3 


2 K'T 

or V — — V oc T if P is kept constant 

3 P 


ijuU jjiij \ p <u^i3) < j\j la.*. All cj^jj j jjz 


oi>j 9 oUl — 3 

ooji I L2 j1»j s JaJLeJlj ^k»JI j 6 *|jLu 4 d^tc UyjJ 

yli siUj o^j tjj jjjJI fjJu L^Jli 

1 —2 

PiVi = -mi niCi -1 

3 

1 -2 

P2V2 m2 n2C2 -2 

3 

<j! til P1V1 = P2V2 oli j t5jl— 1 *3 

m , n , C 2 = m 2 n2C2 -a 

d5j_> J SJ olkl! (j! I j_Aj ; d>^jl— *H Sjl jjJI <L>jj ojiJ jjjtj 

: ijijLuj 
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jjjui UaJ (4) 

1 —2 1 —2 

i.e. — mi niCi = — m2 112C2 -b 

2 2 

: ^1* J-o*J (b)ibUil (a) ibUii Za^Sjj 

ni * n 2 

o-jJj Jw u a JI (jj oj_»Ij oic iilliJ! oljlAJI (jj i^jLuil *1 <ii 

. lj*j " oL2yjj»Jt jjjJI (jM u <33 I*o L$Jli Sjlj>JI 

: jliui^U flal jj> — 4 

: US’ (A) ^UU jUJ Jjj s>\j! oljUJJ <IjS’jj»JI JJjUil ollS ^>SU^ 

PV= — mN A C 2 
3 

jjjLf-yi jjlc N a vi»x> 
jUJJ (M) 1. * * ! ». > • M — m N a <ji Uy 

PV=-MC 2 or ?=— = — 

3 M d 

M ' 

oLj^JI <Lcj— • jj-U .uly jl— ill (r) Jjju ji (3! . iiliSJI Aj >j 

V V / 

: ojSij j USuLiJ j_jlci <1 vj^o <Pjm> Jjuu i (3 jJI jUJl £)l 

rx >/c 2 


thus we have r x y- — 
At constant pressure r = 


jLiuu^U U Ijaj 


The molecular velocities oU j- Jl 

; ^UlLS Loj tj£±i olftj-JJ £\y\ sjlC j-»_y 

The Root Mean Square Velocity <U j~JI <*jj* Jsuijlii ji>JI - 1 

1—2 

£jjj JLuu^x* u>L> cutjUl! PV = ~nin C ^iS^ilyvl l 3J jUll j&iu 

: JU3! ^jlc jlft 
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: iJjlnil oLif . 

— >i_y 

1 XT 

-mN A C 

= PV = RT 


3 

But m N a 

= M /. -MC 2 

3 

= RT = PV 

2 _ 3PV 

3RT 


M 

M 


3PV 

3RT 


V M 

V M 



\—2 — 

t Jl h-*yl i ji>Jf J| j *£3 VC — Crms <£**»■ 

ji>JI £-t Lwlu i_u*Ll^ (Jjjj*JI kw yu (jl -kjx^rUI (jjj 

jj^JI iv-ijii uL> *jy Lu (M) yt _^li . jlil) 

. R — 8.314 JK 1 mol 1 i>jj tSl Jit (Cnns) 

Oj^Jl a jjlt Sj^vSlI iljLiJI ■oll^ C&*iJ 


Cnns = ^j— where (d) is the density of the gas 
yuoi\ i>jj oip itj-JI Jakw^ll ji>JI >.i.. » •> ! : Jlia 

M = 2 x 10” 3 Kg 
R = 8.3 1 4 Jk” 1 mol' 1 , T = 273 K 
- |3x8.314x273 . „ , -i 


Crms — 


= 1.84 x 103 ms” 


2x10' 


h^yil ( y*jjyLJI j.i>JI O^i y^fcjjSill jUl SjIjj>JI i-»jJ v i.^ > l : JLw 

. ^°27 ijfcjJ Jaft jU d5jj*J I^jLm icj-JI 


M He = 4 x 10” 3 Kg 
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jli! 


3 RT 3 x 8 . 314 x 300 , , _, 

= ,- = 1 . 367.4 ms 


4 x 10 ' 


jli! 4ji«*jJbj 


1367.4 = 


3 x 8 . 314 xT 


V 28xl0“ 3 
T = 2100 K 


The average velocity ie ^Jl 1» — 2 

0 j v-ej I 0 jj» ( jic L*jl>^J ^>£-t^ Cjlbj>vU C 4 tv,* till byj I 

C=C 1 .+£2-±..I 

n 

JJl^ (n) 4 ex> ^^ 1 * JS ^ t^ J Jitj Cl, C 2 , C n 

yLijjdjy (J^j_ut£b 3Ja— il^j CJXJfcj US' C 4xjij , oljliU 4^1SJI olijj4*J! 

C.M.U9. C=J^=J^ 

V TtM V M V M 

: 3JjbJI oUfj 1 1 $ tjj oMe jl»} 3 Cnns <md C !>IS <jl US 


- Jf -« 

\3n 


Ja— i^jl jl>JI X 0.921 = Jautjlt 


Kinetic energy of Translation AjSLuUuSJI 4iUbJ! 

Jjt olj^j>JI 4J>»<3 Cyt ^b *ij ,y> U jliJI lilUl 

plxVri,...tb l4jU-fc> (j-S U^_) . JlUjpAJ <*Sj>JI ollaJb U li*_) 

: jft\S 3*S>J| <!jUI 


PV= -mnC 2 
3 


jlft (jx J_)X J^iy 4. 1 , . ■ il bj 
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PV=-mN A C 2 or =-M? 

3 3 

PV= RT jlp iJyt 4juuibj 

-MC 2 = RT 
3 

-(-MC 2 )= RT 
3 2 

E k =~ MC 2 = - RT 
2 2 

iiUail ia^ijpn Jjiu* {$j>J </nuJL% 

l 

E k = - — T 
N a 3 N a 

D 

(jLi I j_fJj 1.38 x 10 33 JK ' mole * 

N 


oi* ^jlc bjL»^J ijSi jjiJu iSj^ SJlkJl 


1- U = 


2- u = 


E k = - KT 
2 

JulP jUJ ipj-JJ jjjfJI i—<yu t . i.M > l ; JHo 

100°C - 2 0.0°C - 1 

T = | 3 x 8.3 14 x 10 3 g.m 2 / s 2 .K.mol x 273k 

V M \ 2.016g/mol 

= 1.84 x 10 3 ms -1 

| 3RT = | 3x8,314xl0 3 g.m 2 /s 2 .K.molx373k 

V M V 2.016g/mol 

= 2.15 x 10 3 ms -1 

0.0°C £>P jl*l Sj>JI iiltJI t„ !■«.>■ I : JUo 
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lijULS 5JUS (4) 



3x8.314J/K.molx273 
2(6.022 xlO 23 mole cmle/ mol 
= 5.65 x 10 -21 J/molecules 


Mean Free Path j>i\ 

jA\ (^uljJa-oj JS (jjj 3pykuLll SjpJI iiLJI (JO* 

JbLLj . 4-^jll/p— <C dawjii 4 Pj-«j llSjJ* Ojyaj Ijli <J j*jiJ j>JI 

cSjL>JI (U'jl £* *-f _j— > cjLtljJa_o) Sop oii> ojjjlm Ajjuj 5 ys 

. j>JI j*il la~iyU (z) jAjlb <J / J^l £sj^ £* _)f <J 

, . .... _k C cms' ! 

A, (cm collision ) = — 

Z, collision s 1 

(Collision diameter) f jUuJI Jo3 

^»Lu itiJu ^Jaij J1 b-fjli jil *iSj^ jlp tSj^ >— <jl23i Ljup 

iS^*- Jj jiUuJI la* JjL*« 

. 4-Sj»Jl J y±> ^^Ip 4 ,1 .<< S p 

(J 3,11 J* ’LS*^ 3 ‘^* i3 ^J'b 
^jLfljJI jkZj t^jjAJ UjuP 

&■+• y* a jjjl) 1<J jtjtj 

jL_**j (>• p -gjlbj (5) JS-iJLp 
SjJJa ^jLou jllaSl X>_y 4j| *ij 4 4^Sj>Jf 4^jhjJI U4» 4*115*11 oljUll p ■* ■, -> • 

o*ju jisi LfL JSJj JiLiJI 4 *jl>S jWI ol5*^» (jli - JjLu jilij l*Jj 

S_*jL!I jJlcIO 8 x 4 Jl 10 x 2 (j_» UjUJl «_iL-cui ^jljU bli*> 

tjyS5 fjL-oull L> J ip ^jjJI iii J.I (jt J dyi\ ^>Sla*j kjbal lj OjIjpJI CjL>jJ 

. o*5*jj»JI jiyi i_sjSjj (j,u JiLuJJ 5jjL*a 

jtij (Mean Free Path) S ^>J1 iiLJI h~*y* cm ^1 335UJI 

. lx>j JSJ jopj (Collision diameter) |.jLai!l 
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i^jUJ 2JUJI (4) 

(2a) jloS Lf! o!_jL-)^(l dIaj 3JI_jia— il J^L> (A) U j^-oj j)$ 

. (6) JiSJI j US' 



Flg.6: Path swept out by a molecule moving through a gai 

o>-lj j C cm Ujjj iiLu j C cm s _1 <*j~> L~*yi> |jl 

J)_L (jl jjj . 4-iljk D j_A J_»lj £_3lj j— >) L$j-r ^jluw -i! lift 

j cnlj^jkJt jj-c IjJ . (7ca 2 C cm 3 ) y* o^js* C cm_j* 

j. ,i»i i .' j . ^— </ jjlp (n) >^l> .(tot nC) iifoUl ei^j 5jl «"ill 

( J_SL1 l j . 1 «p (A) dsj_»JI <Is oL»lj lw> *j| jxc yli j^l 

.(tot 2 nC ) jlaijiJ ^L« 

j oLy^^Jl (jlj oL-»L>J)ll j (A) o«j3iSj 

j oLi,»^»J! (JS’ jl >* ij.> i <i^i> i.~<..i 1 i,1 LfJli iyoji 11a |»(jlij 3JL> 

^-Lcj . oL*l>o^l j cjLijLcJ kiijjO JS’ jl ^iwj ^AyitA vLl_^l— i 

, pjLoaJI (jj £lyi X>y oli 11a 
. (a) JSLs Grazing Collision pjL«3 ( i ) 

. (b) Jii Head on Collision ^ij j»jluO (v) 

. (c) J£Li Right angle collision Lila i^ljj (.jLsJ (_>) 



(a) Grazing collision (b) Head on (c) Right-angle 
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jjjui jjua ( 4 ) 

oLi^>JI yL> <jJ 4jli 0*4>wsJI oblj k . 0 ^1 JOC i_)Lk>Jj 

jjjL>JI 3JL*J i v uj-.,J) ic^-JI lu^Zi . JI 4 jIjL_£jI JSLi JSJ i u ii...UI 

^jL-oill i_)l»J < j . u .... il l i-Cj—JI 4 «|i>j . L^JLa] y_SL»^ JLlJbj Ijl> yjJLo oli^jjjJJ 
yjj . V 2 c <o»jLl)! i,;jljjJI (jj |>jl.n*ll i*^5 jl L*5 t (2c) {J ~! iyi 

4ji«i)l ob|jue*!ll . ^LSJIj jiJLJI _y» (c) ^i)l jli ! v il»c ^o\yi\ 

■ (/* ^ -^b J ( A ) 

Zi = V 2 7ta 2 n C instead of no 2 n c. 

SJjbll j Syx>Sl JJjbll Jljoi- <bj 

: {)j&4 oyjJ! iiLrfil Jsuxjju yli 

1 

V27TCT 2 n 

Collision number oU-baJI jj* 

If) obi j t> . n *j| JOaj 4fJU (JSJ I ^jjJI obljukill JJitf 

Zi-V2 71CT 2 nc 3Jjl*ll (>i . zi 

t 4_f>lj (J— i) (Zj) olj^jj»Ji (JSj ^-k JL>lj (J5L) (n) 

oLI jj_A jb-*^)lj nZj yh u«5i4 p— < <J£J if!lj Ji! 4 L »K)I obi jko *jl 

4— »1, jk.ol J-S’ yS (2) ^jJLc nZj jlj_ill |> . jS't U5li (Zii) oi l J5J ifili Jil 

• C>A0^ 

Zii=— nZ;=— V 2 7iCT 2 n 2 c 
2 2 

= — V 2 7ta 2 n 2 c 
2 

: <f!^l 4J jbJI fiifj jliil T) l <>jjl!b 4j}b 4j SjjJl <iL*ll kwjijj 

4J jbOl (jli C J <byy4 ^ArfJjjtfl jjk>JI Jljjubb 



X = 


C cms -1 


Z x collision s 


-1 


X = 


•Jlna 2 nc 


or 
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0.921xdxV3RT/M 


H J_ 
0.921 V Pd 


(_S iillSJIj kJLal l ( 4_>jji)l uL*> (j_» ijj> ^o]jj 


<S^y~r— X — — c>* (jjj . X i iiLrfll Ja-K^jU 4j^9 i— iL*>J 

V2ncrnc 

. CjLI.)Ja.o > JI JOC 


jL_*J 4 _■'.!* J_>|j j Jjjjl ^iLtl jLuo'jl JJ_£ X.X. Miv I : vjl_i« 

3 . . j 

10 X 101 .3 Ojfjlt y>- luLoj j*°25 OjljJ- 4_>jj die p-^1 Ojjj j 

.10 X 1.81 Loll I j!Li 4jjJj y> Jja (yyi j 


Zh =~t= 7C0 2 (n’) 2 c 


3Jjl*ll (jj 


jl, ill jo£ yL > . > "iljl j->_y jlill 3p-< jdP c (n 5 ) *W*j 


P = 101.3 X 10 3 Nm" z , 
T = 298 K 
= 101,3 xlO 3 x 10" 6 
8.314x298 


PV .. 

. jUil £yj c n iiMalb 

RT 

V= 1 cm 3 = 10 4 = 10" 6 m 3 , 

R= 8.314NmK -1 mole -1 


3|X_ Jil JOC j <JJyOU < U^J I OdAj 

- 101.3xl0 3 xlO -6 lo23 j 9 

n = 6 .02 x 10 23 = 2.46 X 10 19 

8.314x298 


Now C = 


3RT = 8x8.314x298 

V7cM V3.14x32xl0' 3 
= 4.44 x 10 2 ms -1 = 4.44 x 10 4 cms -1 
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UaJI (4) 

and o = 1.81 x 10 -8 cm 

Z u = x 3.14 (1.81 x 10' 8 ) 2 (2.46 x 10 19 )x 4.44 x 10 4 

% 

= 1.96 x 10 28 Collision s _I cm -3 


ay— j * — -oil 


oi — jle i>jjJ Ijl : Jti« 




T1 

c 


jUJI (if) Bj^Jl 3iL- II 4 8.41 x 10~\gm *s 1 

. ya* j>Jt / o&yi? 10 X 121.3 Ojl jjL# ya* laJHy 

L»JI 

3 T| 

(jjj X — ■ =— O^inJI (jj Sj>JI iiLJI -L -/ yj Jl >yj 
Cd 

= 8.41 x 10 -6 kg mis 


-i 


8x8.31x273 

3.14x2xl0~ 3 


« 1.07 x 10 3 ms~ 1 


and d= r~" = 8.9 x 10 2 kg m 3 


-6 


.% X = 


0.0224 
3x8.41x10 


1.7 x 10 3 x 8.9xl0” 2 


= 1.67 x 10~ 7 m 


Deviations from Ideal Gas Behaviour J&ll jUJI JjLj jjWI 

<jjjU jUJI jUJI 4_iy*i 

Cjyi J JjA JU*4 jl£ {jj . JjlAj J iyj 

J ijAju jl ejL^jj (,$1 > *^>0 < 2 x u->-J l ojjt 

J (j * uLill jl ejl^jJb 4 ju>L1j Sj u oli lx w -oJ I 
(j-* J-5 (ji-J 3-S^lft 1 I4..IJ J_J lj Aj . ^>s»JI 

£ji Ja-»5U . (7) JSLill j US' J UUJI JjUu (PV) 

. Jl jy>*U i£j\y» jyjf ■!*>• jUJI 

(L^jlV ji-z) <c^yi»JI oljLill (jl—i j > T jjjjiAjj 



Ftf. 7: Deviation foa 


Frcaton 

Bayif’tlsw. 


- 161 - 




3*jlil 3JUJI ( 4 ) 

jl 4 J 13*11 jUil OjljaJl 4 j>jJ j Ini. rill £yt ijj^kJI yju JaP 4.11.1 IV* VlSLit jVlj l*jlj 

(jjU jL p vJjlw £>* ^v-o!j y US’ . J 13*11 jUD tj# 2i'5ll k*JI JSi ,jP 4lo><* 

. y*>-jji*aJI jlftj (jjjjSJI JJ ... S I 

j_ie 4_*j*jj*<a3l o l h * ^U) ,j_* 4.<nl Wi...«ll ^oUull l»*j JjLiij j ^ 

, 4iii»JI j I (_>A*j 

At Law pressure ^AaVI* jJlp : Vji 
At High pressure gu ^ La-a jIp : 1*313 
Effect of Degree of temperature BjIjpJ! caU-jj j*3b :t3)l3 

4i»5i3JI < I ojj» yJjUu >_i y* U*9j 

4_ajL>Jkll kjA-All j3p (7) JSAll yj J=l>}U y US : Ja J Ua Jup : Vjl 

4 (j_JJjSJl J*~S| (_jjl3) 4***2>JI oljUJI 4— > 1 * L » «. U (jl JL>0 (^ylaoJI (j* tjjkl) 

^ ■ ■ o ll -L*JU Jl** ii jJlj J13*1I jUJI £* Lf*jjli»j t (j*»-jy*jJI 

4a— u)L JxJUeJI 4**» Ojljjl 1*15 (PV) 4_i jJ> J~ol> 4**} Ji3 ^ a*. J l jja*al! t5jl_jll 
k-iaaJI SjL,^ (PV) 4 « L i » jljjJ <j*p» j 4 (j*a-jji*i)lj (j^JijSJI J*~«Si ^13 (Jjlij 
J~oL»J p_*2j| ,JS (ji ( 3 1 £Jl3ja ji Urti.»l > k _Aa? Jap t\y> y*>.jjJ* t !ll jUJ 4a-«uJU 

• J 15*11 3* -ki* ^Jpi £*3 (PV) 4-a^0 

4 100) £*3 Jk«_o jic k^iU (7) jjLJ) JSSJI (> : £&y b ** & Jup : LutS 
I n. . „> Jji jljjuala j|jj3_) J S -al) (j**“ill 4_Jl>JI j ijJaUSl ^yoy> (y* 300 4 200 

4_*l*3 L*k*a oy-!j Sill A*. .aSI jjjU jl_*J 4 >..*'vlU jj_5l ka-^Aj JjaaJlj 4 Jllail jUI 
Al-*> , l— A*i (5 j—A~o 4*1*3 JS_i ivbj <j*a.jj3**JI jl*J 4 juJJ U LojI wUjSj .tjjh ~0 
4_*jJ jj kjJL o Jl iP J ^laoll Ija* J In*. All j**3 JJjJI Ju 4jyl3 yu 

jUJI (2>P U* j* 5| (PV) 4_|J^ J^l^ ujSi*J J 13*11 jUll k>JI (3 Jj*a* 

•Jliill 

Sjlj^>JI i>jj <2)i 0) JjUJI JSsJl (^* ^ . a:l* : SjIjaJI ol>jj 

JjUU PV J-oL> Ct-> J^L-ill tjA* £>**» y US JI3*1I j*p jUI J_*L> ^^Ip j*3b L*J 

4_SjI3 8 jI 4_>jJ J,.. Ip ^ylaull JJKjj , ^100° 4 ^17° Jjia-jj Jap P kuLcJ l 

U*S)I JjjlilU . 4*L*j jl L iln«a (^*>jjaaJlj JjJjSJf J*.a 5 l ^13 (JjUJ ^17° 
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jjjUl UaJ (4) 

LfJu ^j_SI j»17° 5 >jj ilc (jjjLaJI . j»100° <j>jj aic 

. ^100° ji£ 

pl7 0 4-^>jJ j-l* (P) £-• (PV) SJjUII ( j ‘i . '* ». i L |j_» (jl ix^jU US' 

. JiL. Jl jUJl (JjA<j l» -lie Ijj^i y> 55 JaAAj 

-U»-o ale ^yoy. JIj^I jUJl <5* yti (jlcj 

. * IS » > jUJl JJLkI CjjSj IajIcj <uAa.Wu 5jl y 

Jti jj yli — <LJlSjil 

Deviation from Ideality - van der Vaals equation 

(JlV* y?) <jl I 1 8jl_y> Jsuuo Jjl£ Uylj 

S_^JajJI jj-Le Ul_u Jl Uljy ^5->J I o jaj 4 JUyll jliJI -iljJ— ;>* 

: Ua (^Lil jii'il yl i*j ( — nm C 2 = PV) cjIjUD .oSj^JI 

»U*il aJjUIU <JU»J (jSa^j Ijl> y*~° jUJl oll^j»J ^jJLSJI ^jk»JI — 1 

. jUU j>-}\ £ljiJI li* L -*j*y (jjl»JI 

(j^jj* (jl jij . Jlitfll jUJl oUyjjf (j# jiljj ji isy jA-_y 'J — 2 
5jlj_> ■<— *-jjj ^_Ujj iU-o oip ,y^uJI jUJl <_yl* UtsM*** jd* (jw-^IjSi^l 

jl <-jjl>uJI iSy Liylj ^jUiJI jUlt^ll j i>‘Sl (JjJj«a3I (jj <Jli liflj . i^JLc 
3_»UJI 3 _JjUaU £+p*~aj jl oj^ooj IjJ . jliJI (j,u iljlull jilJuJI 

; ^y*j i^2ji>JI oljUJl ^A I jl&laj Lo^l (jS oljUil 

oLjjJjjJJ JjJl>a1I ^>s>JI ,jfi gjliJI — 1 

Volume correction due to the finite size of the Molecules 
(j_< Uj i jJlSI ^-juoj jlAli ol_i^j> Jx» 5U Ujli jUJl ^l_jJI 
i ; - -<8 UjlU Jl (jj y Uj i JuLaJI ejl^j £t LsLalll jjSI y ,j$uj (jauJI lyoy 
(jj S* L»jic i jSLm -LiJLjJI e j-» . *-^A ^__»lj]| Ja A ^JJ <yfij jUJl cjLI^a- 
(PV = RT) Jli^ll jUJl UjUu j BjjSall (V) . jjjjk* |k^> cjlijj>JI 

(j_S3j t iJUU «iJ>*0Cj jUJl oll^> > * |^ > 4 (Vfree) j>JI ^*JI (j* BjLft 
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(Vfree) j— >JI (jl— i ■ (V) (_4^ ^J>->JI (j-» lj*-> Cjli*jJKll ,J1»3 Ljl» 

. Vmolecules oLLj^JI ^>o»j (V) ^■>'■>'11 OH UjLfa# (j_j5y> (jl 
V free — V — V molecules 


(j I u-x>o ^>*>JI (jl JUjJ (jli ^p£\j . V m oIecules Z60r jLi*ll jlaiJ 4 jl»uJ bj 
jUjju (jt UJj < jlAJ! Jlaiil ^>oJI (b) iiu> (V - b) hjj^aii 0 ia J! jjii; 

LjojAj (JjL-J lj_J i! Jjyj l*^teu <j£Jj j LiJ I ollyjjaJ jjISjI ^»oJI C a -uJ (b) (jl 

. jtJkCkJ! CjIjJ 

JjLuII oljjjj>JI ojUudl iJjSi «L>uI j Jaiwall ^t>waj — o 
Pressure correction due to the mutual attraction of the molecules 


olijjjhJI JUi jjJ Jl jliil Cjlijjj*- (jjj (_5 j3 (J 

J»L, ,■>>,» j jLxJl J-i-lj (A) j . jl_iJI Ixtl— A <ix— <I^J L^_j*> l J L I> i—|j~ j~ 

jLilt i$j-> >— J jl>oJI ^uU (jli (b) JSLi CjlaL^J^II ^ y;j .. > - (jj OjLIjI^jvj 

I . ji-e iL^CKaJ! (jjSu 

90y 0.9.0 Ja5L>JI (j_» t-jJuij li» (ji 

i/**-*' ^ ‘ j 1 * 13 

TV O v3?Tvlv ^ ^ ^ 

qO 0^0 .( 8 ) 

iuL>JLi j»jJa_ajj i—Jjjij LjU*3 

Hal inward force No net force 00 . „ . . , , . , 4 . 

on molecule at molecule A in JaJuAJI J *Al — .0 jl bj_a JJL# aL) 

the wall interior of the gas -II 

(») (*) j oLi^>J! Lrlj t jUU ^JLSJI 

Fig. 8: Intermolecular force in a gar _ 

(j-i I j «'n Jl J— * a. ~ c_ijl>o 5j3 jLiJI 
(j_j djjl_>Jl ixJLdJI (j_j J—li j^S-; (jjAlfcJI JmAJI (jl Jl JUJU J*>^Uj Ja A A djj jj> 

|jj . P' UjJ Ju*2* Pi J 13*11 jUJI 

P = Pi - P' 


Oo 

#> 

9S? 

o° 


060 


Net inward force No net force on 
on molecule at molecule A in 

the wall interior of the gas 

(»> (*> 

Fig. 8: Iutermolecular force in a gar 


yt ^yZ J L a s l I ^^*113*51)1 li i. Al l <jli JUJUj 
Pi = p+P' 

I_ijl_><j]l (_5_J_3 J_A Jal . 0 * ^J.>ii...ill li -«. Al I (j_j »j_> (jl JlijJ (j Li ^uAj jjj 
.oL5uj>JJ ^IaIjJI yjji>Jl >— 1 I ^rtll ojUJl ^Jiilj jlj US J3jj j^l^ljJI 
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5j^«aJI ejjt . (1879) Jlijj yli 5 JjL*II bjj> 

L l m JIj o-jJ (y £->lj ij jj ^yLc 

: US' o' *5ljl! (jj jjjJ iljUIl LlaS ^Sa^j 

an 2 ’ 

( p + ) (V - nb) = n R T 

jI jJuj LJaa 1 d ~ i u i l > , ~ 6j-^ SjIpj t Jlijj (jli ou J3 l> (a & b) <> JS ^yA—oj 
_yilj JmwoJIj SjIj.>JI (jj <jmUU o jJ ^y2ji>J! jliJI SJjUa 

L»yjbj oujIJJI boa (j_j JS JjUlII wjlsOJIj j»j*oJI 

JUjLoJI (j_C Lj jxt- yl* . jUJl (y ^y> JSJ JajLeJ! olj^>j wUjSj jUJ! {y J* JaS~ 
, 2 yi (a)t' J y» ji I <3lx>j (b) (jU JljiJI jjJJUj i£y*l\ iui-oJL ^*o«Jlj 

. oljliJI (jau«jJ (a, b) cy J^ ps>5 (1) JjoJI 

j-SSSlI oljUdl £)l (b), (a) oljUdl i yt. K ji OuljUl BOA (jA JS j\ JSl»}Uj 
i-AjSj I^jjaSIj jj.xSl ^5 C>* y* US IJLe 4 a^$ LJ ( jt> xJL—» J 

. oljUJI (jjj h_ol>uJi ii_j5 ^ylc !»Lu 
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JJUS (4) 


(i) ^ 


(b) ouliJI 

(a) >— uUJI 

\UJI 

2- 10 x 2.66 

0.244 

OjWJjJ** 

2.37 

0.034 


3.18 

1.360 


3.91 

1.390 


4.27 

3.590 

(j_jjjUI jj.o5TI 

3.71 

4.170 



>.- 1 - 0 > I ji25° j-le jjJ 1 0jj3 (jJLe i5jl»>i jlc Jjx -t»lj : J\X» 
jLlIcMI £_• JLijj (jl_i JjLu (ii) JIAil jUJ! 5 JjLm jj (i) ^1^1 J aj Lo JI 

Jjj ji 1 10 2 x 3.71 i_ 5 jl— j = b i ijyt — yjf — ji] 4. 17 = (a) 


L>JI 


jUJI 3 JjL*j (jj 

PV = nRT 

n = 1 mole, R = 0.082 lit. atm K -1 mole -1 , T = 298 K 

_ 1x0.082x298 _ ,, 

P = = 24.46 atm. 

1 


Jlijj <jli 5 JjL*j <yt 

an 2 

(P + ^-) (V - n b ) = n R T 

(P + 4.17) ( 1 -0.0371) = 0.0821 x 298 = 21.24 atm 


Validity of van der Waal equation Jli^j <u>%o 

i»jizll BjJjll oL» l i'>.,«i'il! i^jlSL*] iij*l ^fll jLui-'Jl 

<_i^—> JJj jl_>v^ j i ( 7 ) JiLi J _j_a I £» L^LiLLaJ Jlijj (jli 

. I ( S l i^J»~ (Jlijj (jli 5JjI*j) UjUI jjl » i_j j»«J 

a ab 

PV - Pb + — - — r= RT 
V V 2 

J^SJI Ija j 3 JjUU IAsS US' 
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3 juj ( 4 ) 


PV - Pb + — - -^- = PiVi 
V v 2 


. Jlirfil jliJJ h« ,. f i. ' l Vi, Pj 3 4 M5 i£jy^ 
Pb y-iJI e V j j_5u 3 j_5u (P) U. i j.1 : yXL».‘L> )m^i Jup 


3^_> i_» jL>j3l (33L1*^ <i* 


a at> 

— jAll £* iJjtillj UflLaJ ( 3 ^ J-Jlj 


. Sj^-oJI ojj> I^JIjlp-l {£*i i!jUll_j i 

PV + — = Pi Vi 
V 

J_oL_> ( 3 _* J_9l yai->Ju . L j wi jJip jlill PV ^jLJI '— > + > ’ 

(PV) JJ!>Ul ^ J j ^J-Ull ^ JP US' Jli±LI jUU (V; Pj) 

y— I p Uj,waj (3 £l*^ US’ . jUj Ji-.S’i jjJli cSjUJ (7) JiLiJI j (P) Jjli* 

Jai-cJ! (_>ill>ol jJlp ! lf!_j . Jlijj <3li 5 JjLu j ( ~ ) i_oL>jJI iSMc 

. jiUsJI tS_ji 3 P SjJL> t_i jl> 0 JI iSjij I dju o J l^- A ^ < 3 # 3j**j oli^y»JI 
JJSJI jj j j i. o (V) JIp (P) K i. A Jl 33^ L*jup : JIp Jup 

« ftD ti 

j_»..>ll j_jJLp . <L>'ill JJjUII (Pb) 5-JjtZllj L_«^JUpJ c^-h j - ~ 


P V - Pb = Vi Pi 
or PV = VjPj + Pb 

yjt L*5 JLi^II jUD (V; Pi) ^j-o J-oL> (3* j*5I PV a^-i ^ - t i ‘ - > ~ 
ji oLj^pJI (P) j-iif J! 3*-«JI Ijaj (V) JliA*il (3* y-yl* 

. ( jiUUI ciy 

jiUlll <jy (Pb) ifjfuilj t-ijLfOJI ijy (— ) 3 ^f>ul l 3 ! Ja^UI 34 J 

(Fb) 3I a>Jj <_>AL>Ju JaJLe yP SjJLJ! ^y* (~ ) 3! 1*5 . 3j*U»J| j 

3 4,ih ,.<yi *.nll (jimju v tP j_ 5 yLI 3* lo^Jj . (JIp lu -u jjp SiiLJI 
JUylf jU* 3 l iJjliMj JUjJ 3U 5 JjUj 34 J 5 33^ ojp Jjpj ULj 3Ujlyi4 

. 3 ^ 51*44 
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jjjtaUJuj (4) 


^Lijjl oj to jiLjb jLiJI (jl >*i : 4-Jle Oj\j> oL>j J Jut 

3.D 3. 

( — ) (— ), (b) <> Ji" *^5 ljj> (V) 3^5 wiJ 

Jj~ W!j oljLtU |»LaJI £_xu JlijJ (jlj <JjLu ^jusuj 4iL»[ -jj . |j_>- 

. oljtiU ^l»JI (jy\Si\ £juu 4 1 jSjS . > - J I oljliJI J5^ JUjjj t PV = RT Jl 

j ol a, L U->JI jliJI (jl ISj.1 t Om-oj Jjill OjLoljli'Jl £t jil^jy JjUl Ioa 

, l^j.i.i 4^Jle 0j\y>- ol>jj Jli^il jLiJI 


Exceptional Behaviour of Hydrogen -My... 2 j 

JL >■»] Jl Lm 4 - aL~i 5 jjuol (j^_>.jjJ^'il jl_£ »JjLi i^usya L> 

3b 3 

JJjLJI j ( ~ ) < ( ) <j-t J_£ J L*a I j ^ »j JLiJIjj i ii)L5^j>JI (jjj 1 — > jl>o]| 
- y 1 y * 

Jl J jyj Jli jj (jli i! jL»I if*>L>Slt 

P V - Pb = Vi Pi 
PV = V; P; + Pb 

J-aL*- (jl (joiSut i >J La jJLc j LJsli 4 ^el»- <LJL> j <51 Jj^ lu 

. Pb jljilb (P;Vi) 4 » L u 1 1 J~et^ (jj ja 51 (PV) 4 t jSl l i_j ^~ i> 


ijJU oLo-jll — S IjaUsJI 

Critical phenomena - Isothermal curves 
^jl yj tii z h u ijy ot>jj jJlc (j_jjj£t)l J^.iS'l ylJ JjJL ( 1869 ) jjjjJI (_^jj 
j^ijb Ojlj^JI 5-» jJ 0_jJ jlc (V) JaIZi (P) 4—J jL*JI ^50° (jS^J pl3.1° (j^J 

4 _»jJ J— Lxj , I f jig (_J. t% > ^SJI ^JLuJI ( 9 ) J£i)l ^aoJI £t JauLoJI (jj JS^ 

jLiJI A - ■> Jl 4 I .t .,1 pj»oJ| £4 kiJ ». i . t j^ijJI ^y 'o oLi (jlj ^ 50 ° 0 jl_p- 

4-kSjJI jJkP 1 >olLI j ^Ail tj» Jx>^ ^31° OjljAfc 4_>jJ JjlC <juiljJ j Lj*J JUJM 

cjl*i>Lll j ^yey j4%h <j2j^l jrj- 13 J (j*y (F) 

jjjLJ jL>j kjua J-J L»,i tf i . * .:».ll (AB) t£j>»J! J^f>jj . ^ 21 . 5 ° 
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Ljjlil 4JUD ( 4 ) 



jlc 3JL-| Ijj3) I 
*- hall l j_Le kl l j (jjLJ 

J t ^ 111 J^O ‘ (B) 

J! jLill j i -i it L * u# i L^iil 

X iHj Ja -J uflJ I O^JU JjlC JjL, 

jLill JJL— (I ijj£j (C) <daijJt 

J— »J £-*00 ‘ Lab 

. (CD) 

j Jaj— aj (_ya2j Lv_ojj 
( jj-Su (jA-Ilj Ja— i-eJl ojl^j £» 
(J_£ (j_* CJ....UJ . JjLJJ 4jl« 


VOLUME (ml) 

Fig. 9: Isotbernu of CO, at different temperature. 


i5l 


4—51 vP>I j LiIp'J| 6 jj> 


£_J»aJI La- 1 i— Ail J}L_> 3_Luu 
si* 4 <j^-Jj>-_)A JjLJIj jUJI jI*j i>* ij! JajJU JjyjJlj ^yilSill 

. JaA9 jli jl Jaii J5L- 1*1 4 j»LJI 


3J5L-JI LJUJIj LjliJl 3JL»JI yjj J«eUJf Jt>Ji (EFG) 

<UL>JI_} J5LJI 3JL> j4- 4aS} | (F) 4_k«Jj| aJuj i ^ISJ 

j j .. ... <T I 4 j^»J! 3JUJI (F) (jl 0#j2l ^ID 

j-*4 tS-DI ^_L>u a} . 4_»j^JI Ojlj_>v)l La-jJj ju3 j*3 1° SjljjJI La-jJj 

. j-jJkJI ^yjjolL J_a,i 4 Jna.il I OOA Jjl>- 

(jl (j..^ » L I (jj-j^SDl ■X^-aS ’I ^jjLU Jjj J_j| *Ja d\yj Ou i x> jJ ^jjJI ■La-J^ajf SyalLJIj 

■LLa. il I «_i f^Sj jLc ij'i 'j i * * _^ujs> j^yiaoj <jl 1*5 . ji-l jle 

OfcjjJI oj-» (j_* (jjjl SjIj-*JI 4_>jj Ia-lIp (jjJI LaUJI ilij LfaU" jl* (3^ L>jjJI 
(j.^*i> 'i 4_>jjJI fiJ-A (j— a ^JLpIj 4jJlwl Jl (_S jliJI ^ip JajLeJI J OjaI.aII Sjl^jJI 
jLe ■UL-^Sl ppUl k«. nJ I * JajLoJIj . " <Jp ^jfjJI J a u u cJ I <jl£ taf » jlill <ULrl 

• ” L>j^- SjIjp- L>jj jJLc 
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JLytfJ 3JUD (4) 


<L> jaJ! S jjsliail Jlijj jli SJjUuj oliufcu 
Application of Vander Waal Equation to Critical Phenomena 

jl£ yj J_jj Jlijj <jli aJjUj 

(P+ ~~)(V-b) = RT 

tijjxall sj ^.1 l$jula£ (V) jljiu j J^OitJlj iljUil jjl> 

» r 3 /■ RT , . T r y , a T . ab 

V - ( + b ) V + — V - — = zero 

P P P 

jl 4_t L u.> iS^j i»b Ujjj i (V) jv^oJI j aJjUII si* j! 

p—*v»JI J a JL A il p_,kS jj>\ . Jjj-oJ (jjjulj (_j5^L> Jj>Ij jjj-> «LS}Li 

oo->lj 4 aj.9 jl 4. i » 2 ^ 2 > ■ il^l 1 >U L< I lijj Jljill ^jic (T, V, P) SjljjJl 3 ->jJj 

j_i J-Iaj 4-ij ( ...)j jLjjJ (jU UjLct 4 Js_jIjj i_f...t.l5Ll JjLJI 11* . 4jjbS>- 

Cil j JiLJI ^jJJI (* 1 ju . (9) JfLi jyijSJ\ J ^ i ,_jjLU pjjijjj*}|| olii»l» 
H j_»-l ji— >j k_iL-ilj p31.5° ^ j i j»50° SjljjJI ol>jj ole 

4_»jfl>Jf 4— Ufl.il 1 (jj_j^UI Oj — * 51 jjjLil 4,)jJaj LkJLijjjjjjl oL,(JL><Ju ^lt 

J-S JLtj^jjj/Jl jj-ajS I «j»JI (jl o»«j) . (_yj4»«uil! j jl»- (jjju 

ole (_$ jiijJl pjjijjj'Jl ( jX>u^ JJJj Jll» . ^kilLl isJvJLi 1 ^jl] jLilj JSLiJI *jajo 
j..ltc 4ji j_>j ^ l >l 1 1 II* jlijJLj ABLMNCD ^»i..»,ll ^JL>uILi ^21.5° 

aa_ft i J auL a il ejJfclj 4 jjaJ ^3 4j}H 4_*j>JI 4_>jjJI (jj Ojlj>- 4jfcjJ 

Bjlj_*JI 4_>jJ ^ ,-L>-. 'u (j-i* (M, B, C) Llju!! J_ie jk.^- y5L*,» CtflMJJI ialjJI 

(jl LJ 4 JI j J—auj J-A^ ^ l i Wil l JSL-i (jl Ji>}U Bjlj>JI iflVjJ llaij 1*1 Sj f21-5° 

(jli JJjU ii^LUl jjjjkJI tjj£j Lajicj t (F) 4Jaill ole 0 Jfl>lj flJali ^ .m.' kliMUl Jkilll 

j >-yj M JLllLj i jUU Sjlil lyLu (j^Si^ J^l-JI • 4-i l.i.u ^j u oj Jlijj 

-■' cJjj-UJI viLb j 4_ Ufl . il I o j — b ole ojlil jliilj JIUI cjbfcjj (j^j ja*j 

|j] , > -> ^.1 1 ( ^J_>j| JaJuaJI 4 4 _>jJ»JI 5jlj>JI <- <L>J>JI 

jjj— >JI Jljjj (jli <Ujtu (jli 4^k^>JI fli-ifl U I soft (Jl« alt 4_ol_»- (Jtfly 

. ouiyUI (>j5 4_il„K> (j5L^ 4 L ilcj <Qj l—k* i 
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(V c ) I^jLu c>jj> Jl ^jk>JI (jl jjkJ <L>j^JI <da2JJI ale (jj 

: (ji csi <jL* <J->L«d 

V = V c and (V - V c ) 3 = zero -1 

or V 3 - 3 V c V 2 + 3 V C 2 V - V c 3 = zero -2 

P — P c & T — T c ' |C Jli ijj <jti <ijLu 4. 13 1 (j yl k_xpo SJjLnil o jj» 

IjJ , i_jyjj3)l ^ic (<L>j>JI ixi-cJlj Ojlj^JI) 

V’-fb + ^V + Wv-^ = zero -3 


3V C 3 = b + — ^ 


<jli (3, 2) (j^sJjUil j (V) ^>oJI J^liw S|jL»*jj 
*RT, 


3V C 2 = — 


, ab 

Vc 3 = — 


5, 6 (jasJjUIl (jj 


V c = 3 b 


^lc J_<x>o (5) JJjlidl j »J»oJl 4ju9 Jljju— iL> 

- I “ 


(4) iljLJI j Pc, V c (jj JS 0^3 J|juuw*5lbj 


27Rb 


wL*> *«Jli oljLill (j_pLi! (j_< (a, b) liuljUl 

(jj? »!> 1— »jjj ^L<> Jj .n i l (j_<j T c , Pc y-< t ouljllf 

. (a, b) Oul_jl!| wjL*>J 


a = 3 V c 3 P c , and b=- £ - 

3 





4_> jd>JI OuljSJI y j. u uJ <uU«il 


Experimental determination of critical constants 

Determination of critical temperature ks? j> Jl 5jt _pJI k>jj ypuu ~ 1 


— tjj — jj Lu >j5 jL$_> j»fA>u— (b i— >jj j 

Lyi <> li-jJI (10) J SbiJI j y ^ (Cogniard de La Tour's) 

*_>jj jIjJI Jil—JI o ^IJluI L^_ jjjL a>I j (U) ^ylc 

jL^>JI y_» <j_jS-<j Liliw ^Ul »yJI Oj^t ‘ 4j*j>JI 



4 j 3 L-i_jJI±£ J., a*. ' *■{ <yj 4 ^*S i)j 3 £» laj>Jj 

£jj 4~ih. ..i ljj y£jj vJ^Lp Ju»-_yj 

Jl J— cu BjLsoj Jil — Jl Ojlj^> i_>jJ 

JJUij jlioJI (j_u J_eUII Jl>JI l&jJLe ^1 4jJuJf 

L»x l cj 4 L«Jl»a* fliu'il ISjb b&b 

VjjLjuo <jj_Stf vjj — ' 5jj Jjjlj ^ySJ ^LiJjU — «..■■ 

. 4_Jb Bj_a J-oU £» 'Jjt 

IjSaj 4 cjIjj Bop 4 .J j.J I ill; j^S; 

^L_JI clii>| LajJp ^lll Sjlj^JI oL>jj J->nmJ 

j— ^—5 4 ^-Uuj*^! j i^y-l 3j-» 4j,>^Su bjUIj J^»UJI 

4 4_>j^( Bjl^_>JI 4_>jj y— c OjLc ^y> • L-»yU 


Flj. 10: OburvmtlDO of 
critical tMnpentvrr. 


j j-JjJI £Ubjl j-yyl» 0-® ^yJI JcU-oJI j^jpO 

. <*yjJI BjljpJI i»jJ dift jia_jjUI 


Critical Volume ^>JI yduu — 2 

jaldi-j—b 4 j_i | u»~ y-Suj (jSJj 4 La d> Jl ^ISI ^y>JI pPoJl (jjjjcj ^joju 

JJU ijliSJI pj> JauKjXt (jl ^ylc ” ytfOJ jjJlj (j^Lubj OtublS C.i,.^jHl BJpU 

. " Bjlj4»JI 4^>jJ <ulsc> 5Jlj (jjiji Bj&Lu Ojla (j'i 4ju Jj b £?.t 1 1 jl»J|j 
la—/ yj (jU 4 (jljj'il J_jp ^ju-ill JjLJI bibs’ LaJb d v , dx. cJlS I j Li 

: bjpUII iLcb olillSJI 
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ijjUl iJUfi (4) 

^ (c!l + d v ) = a + b t 

t * o_#l IjS (b, a) 

j — Le 4i^>JsJI sja . 5jlj>J! 

cjL>jJ jJlc Ojl>oj (JiLJI 
3_3Me 3 jvjaJI 4 ha, 'il I i_jjS flJ J aiju 

(jj 'j (1 1) JSk ill j I ai’ a ,.,-jjLu 

<L_>jJ |JjL_2j i_ill£JI (j_a ij L i-~ g 1 
>oJl ^jlc hlilll ^h.«~j iLlai! OjIjaJI 

<*■>— Si 1 3j3^Sl uu Lins' |».. L ij AC 
i^jL>jJ jJlc JjLJI oliiss BC 
4 _>jaJI SjI^aJI 3 — >jj lJjIjj (C) < hall I jJlc ,jLji>all JjliLuj ajjjull 5jlj>JI 
LiliSJI C a Ua'.ll ^ h«~ i_3j — 1 j-jjjA-j ^tiaLtjU jLJkjJIj JjI — J l ^L.rvj IajIa 

. <L»^>JI iillSDI 3ijA4 (>i ^>oJI y*t«j !*.» ,! >• ‘ L>-jaJI 


SjuLiJI Cjljlill (jiuuJ CjjIjUI j^li yauy (2) JjJA. 


E I ! . 


ES9Effi9S9 

jWI 

60 

2.26 

5.2 

fjA* 

68 

12.80 

33.2 

br^JU-^ 

90 

33.50 

126 

bw-jya 

74 

49.70 

154.2 


95 

73.00 

304.2 

31 ^0 

89 

81.50 

324.1 

LW^-JUWI 

72 

1112.3 

406 

jjLJuJI 

124 

76.10 

403.3 

J^l 

125 

77.6 

430.3 

a 1 J~kS’l , fjii 


Jj! (j_4 i ,A»-iy a i.«ilb Jlijj (jli 3 JjLaj <jj (a, b) >. - j u* >[ : JLts 

— <3jl^» a>jj yb Lie ( 137.5 »jjJ ^27° jJLc (jj^SLlI 

. ja* 35,9 b*-* 5 ’ t ^141° 
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LaAj £j_*J! kjjj lj Jl 9jlj_>Jl O JLi |».l >■.!., <* 

. JlijJ (jli 5Jjl*» (j4 jlkin.nt 




J~a»0 (5) iljUIl j pj>o»JI JljjuLdj 
8a 

27 Rb 


(4) 3JjLJ! j Pc, V e c>* 

<ji j^o 



: p (a, b) ouljiil < j 'ij l t i yl iii^> Jlijj (jli iJ jLw j 

T = 273 + 27 = 300 K, V= 137.5 ml = 0.1375 Litre 

i 30 

(P+ — r)x (0.1375 - 3.77 x 10" 2 ) = 0.821 x 300 

V (0.1375) 2 

P = 173.80 atm 
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jijUJ AJbJ (4) , 

Liquification of Gases otjlill iIL#l 

jf Jsj-Aj 4 oljLill ill—/! 4j| 4— .IjJ £>j ^ii\| 

b (ji 4iy>j i^JLc hyi~b Ji jUu dJjj Lfjjl J>- (>» OjL»jJ 

4 !.>->• i-^uLj - Jb Bjlj_ > oL>jj I 4 J He, H 2 , H 2 , O 2 JjjIjJI oljUJb 

. 4-4*^»JI L$_3jIj4> ki;L_>jJ (jj ^jjjl OjIjA- JoP i-oLi- jjb jjjJsu (j£j| Jai3 

l j»S •■«» iSjjv j !a» ijle oljlii! iiLLJI <^*S^ yl ^L«lt (jjj 

4 jjSI jLouJI SjSj 4_jjl>«jil iyj jUJI JJILJI L&j^u 4 ZjjI^Acj 
4 4^>ljUJI Cj'ibv j LaIIj ^v.n' ^ Jlolbj . ^jIaj jjj l$J 

4 obyjyJ <i$j > JI JiltJI JjJij JI (Jjji 4 jUJI OjI j 4> i>jJ (jiii- (jli pjjjdl 
JI jL*Jl jjjJlCj 4 Lfj^j j«o^j 4iijA> JI blyill j tSjJi Jxi-oJI ji L«5 

. JiL, 

4li£>- 4 4i«ljliJI UL,^ * « h~ij « iwljjj ^Li jl (1823) j^bljli (jl5 (>SJj 

ojlyjj -‘Lli j oljUIl (j_* jl^jjJI 3JL-.J (>« 

H 4 ACT*NTa 

pi 'Vi ...lj 4 4_3j|^>- <_>jJ -b_«_aJI 

i-4 jl^ ,>Jl Ijwjb |>Jl»oLu>l 4i,»,,J-> 4 5 JjJJ Ja^JL»o 

4_j^jlSI J—»J (12) J*> . .t.lb ^ .AjII Jx-majJI 

j 5jL_II (U) 4_i^> JfLi 
( 12 ) , ... 

0>A» j 4, 1) i *. - , a ll fbS) J-*-l 

(jjAvaull <L>ifU JjjjjSlI JU-b jliJI AcLaj jJUj 4 Jj^u ljjL>a J L/j»»i ijjkJI 

J (_j«4-fcillj i-jjju^Jl (j_* iJjLJ! JI jUJI J jj Lo JI j 5 J Iyj 

4_Jl>JI JI «LJjl y>- 5->j0 („>«U>Jlj Jai-eJl Sjl^jJ <> u u > jUJI yJ «j> J_p*y3 4 J^jII 

. ^iUI 


O 2 , H 2 S, CO 2 , SO 2 , NH3 jl£ Jl» 4i>ljUJI tjAKJ 3JL»I ^bljli { j&jj jilj 
oljLilb >-i. L i«.n JJjJj He, H 2 , N 2 , O 2 J-l* oljLill Jw 5JL«I J J-iJ <i£Jj 
. jjJj ^ 3000 6jj 5 lki-» ^jio-l tibljli oV |»i*)l ^ permanent gases i«J|jJI 
yjj Lj jLiJI <— )li 4 jUJI i!L»! JI J «jaJ *JI 3jLi*!ll jx-i 

Bjlj^JI <jj i>>jjJI oja JI j (jbljli t>SJj . jUU i>’jjJI OjIja-J) “bj-jj 
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<ijM AJbJi ( 4 ) 


Pictet method (1877) cu25L^ SSbjb 

j 4 ^ mi Ju 4jUjhj JUjj y jj ( jj,>«,..,i^ > i| i)l_~.l j jJbJI Ioa ^>J JaIj 

5jIj_»JI *—>jJ J_j— e>_jJ! (j_SL»i !_^Jkju (jjLc JjI_* j&*- y jJu^i . jj^juJI 

BjIj_ 9- ij>jj CSbl JjLJI (j^ijfLII jj. j 5T| ^JU jlc i-aij-Ju 

i-»jJ Jl iJj* 0 jll 4,1*1 1 1 SO 2 -LiCj SO 2 jlft ilLo'll 4^jt£ 4_>jjJI BJAj — 56°C 
CjI_>jJ Jl J_» oyJl 4- ifl tl J_3j . O 2 jli JJL-^ ARSIS’ ia-jjJI BJJ»j — 130°C 0jl^>- 
- 239. 9°C « a>4! - 238.7°c <**-£>U - 218°C Jl J-«3 JJj ,> ^ji Sjl^ 
, ^Luil Ui . fiJ l viU jj — 267.84°C ^ 

; ijll)l JjLJI i_< J->b — ho.fi.ll) <A^jiu jjj I ^‘bijj 

Jj_>- j*Jb j.h,w; ...b (1895) Lind-Hampson’s acacia - jbJ 1 

. (Joule-Thomson effect) 

j_*i« (jjJlj Cloud - Haylan's method j^L*a - jjJS - 2 

. adiabatic exansion (^LnaJI) ^bl^l 

: JjVl SijWI 

if f"' — SSiSSSESB— — <>-• juji »!mji 

1 J|p«eshair 

/C v\ ( . 1 ~ ~ — jMU 6 >jj^I v " . ^ i ^jt 5 

I/STmI COMWHUOhAfv' ■^* r y- S? 

" ■ - " , - ... ... - Jj I 

^ 3 Jybi 

><'1 u.riulM -• 


COMPRESSION . 

PUMP 


S ACUUM * • J 

BjJ_ 9 ja_ A » < 5 Cj_>yi '4_U }U_> 

t 

iNAotiu l_s 5 Lc _y*- 200 

t jUJI (j£k>oj JtMi 

LIQUID A IP 

■ I — , 1 c 4 ill JJj j i_u — jJIj 

K*. 13: Llnde'f Appantuj for the UqutfacUon of «lr , 

J «~i .11.1 1_S j— I J.V >~l| AjbuC 

(j-C <.!■.& UJ I oUyy>JI 1 — jjl Will t5_)3 jJLc i. <Jj-IJl cilia (jj jliJI 

ht, O 2 JJb oljUJI <^iuy JJLoj j Jaj ^>J jS}j of^JI t JIaJI ivA-eJI 
&&p 1 . * . I L » Ife, H 2 Jl* oljUJI youy aJLI (jSb,; 'll i^jliJI SjljjJl bvjJ jJLc 

. La^JjIjJ> 4_>j.i ,<>£jy Jjla_oJI Sjl^, 4 JI Aaj b^J 


Fi*. 13: Uade'f Appintu for the Uquofactlon of tlr 
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AijUd Uua { 4 ) 

: — SjjIjJ! ifijjiaJI 

Jj I (j 1 — 3 }ULJ Jjj«^ ^j£l! JayLait *tyfl! ^uaj ijjjajl OJA j 

3JL»J Jl i^SL*l ly^laJI o j-^jj 4 Jj'il ii^LJI j Uj Sjjlilb 

(_>*tU_}I ^AU^Jy*^ ^JLnit J_ajj (1908) OjJ-k'^l J-Jj'il j 4 Jl t oljliJI £i»>J 

. (.jAmJI jU 3JL.J Jl Kammerlingh Onnes 

JjA .fill 4 <i!jti .AT?j 

COMPA ESSION PUMP JA .»■ (14) J< M L 

Pp= H =^— J}L_> <ji Ixcl — - A. > »ly. ,. 4.11 

^ ^ jl e*s jl Oj-^ji (P) o^i 

| p* 1 ~~ jUI ' ' «~J 4 *. IJ >• (A) Aikill 

^ — »' | 3 — yf j tr*^» J*iw) 

tSj— >i 3 j_j jl — All Ja-A- f U j>_? 

- M V.-.A -,...>• J"il (-^54! ik-vly 

. I GAS EXPANDS - 

. f J * 00M w0 "« . 3JI— *il Jl 5*0 ousi, 

1 1 1— — 

/ \ *ly_$JI JajtL«o ^Ijl>u_»»Uj 

I . » A | JiL>- >*J— Ajti 4 (i vki 0 yt 

\ VV^ LIQUID GAS ; 

\ ^~~- TT-r^' jLAJI 4.t kl i Jl J— oj 

jt-£ £>_• ( J5 -uj U 1*1 , J5LJI 

Fig. (14): Claude's apparatus for tbc 

liquefaction of gases. (J j — >1 0 j — • -< L » <- 9 j— *3 

Jlyuj l 4 _jl>-L* ijioSa 4 U- jIjj 
. J^jill (jj 4i. ll> ,* J>ljj Jl A^lfjJI j J~fli ^L> oljj JJl 6 4jU*JI OJA 
Jj_kll J— <ail jLjkJ >_S, X 4 — j Oj jj-^u 4_jU.nl Ij 4_Jjnll 4 — »j' aC il lj (jjkll CjJlj^lj 

Jl 4i!L^> (jLjyj (jLIUJl J_o_jj (1937) ^ La i oljlAJI ilL*^ 4 j *1 *J 1j 4.j.U «il 

jJLlj 4lniA«* jl y ^I j a O LhU dlljj i^UjjjMl 4 j_^LUa 1I illjl ^jAj J^uU J-flii iibjk 
. p^_J 1 Jjjjisj ^(jjjJjjljfJI 4iiLjj_jJ^ Jl* 4 j_»Jj11A*IjU jIjj ^IjAi I rfU ySUi 
. (ferromagnetic) 4 ^>J>Ua* - jj^jaJI jI_jJI ^jISL. J— ail Ul^i 


LIQUID GAS 


Fig. (14): Claude's apparatus for tbc 
liquefaction of gases. 
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oljUJI oL* 4juwl 

? liiljlill 5JjLJI j (R) i*j5 (jjt — 1 

> a Cn-iJ ^AhU^JI i-JjljJI jlil jki ( kuljlii! 4 j5j^JI jjjJajJl (_yojj3 ^Sjl — 2 

<j_yl3 t jjjL>_ji! t JjLi bjjli k Jjjj u>*^* i> (jlSjutf (jSbj 

? 4j5j^JI ijjkjJI JJjU* (jj jLtaj^U 

^ jkk — u >_a jLt CjL2yj>J itj JJ jj->JI ix^jjuj IjL — 3 

. (rms) 5jji* r °200 Sjl i>jj .lit ^“il oL!y^> it^*> 

^^xJl <jj«*jj3-Jj1 jl*J (rms) 5jj2i! itj~4b iij^lil 5jlj>Jl <L>jj — 4 

. <j>\5/jit 1 00 

J-l-t 1— )!_■■.■>■ I_t , L k£ t 0j_>JI iil — J! isutjit i JJlC (jj (JS i_jjt — 5 

l»lt (ST P) 0jl^>j| <> jJj JaA^aJI Jau .'*it yjjtejjJy'il jlil ^«/4jjl5/ki)b^«iJ| 

. 10 X 2,24 3jO«aJI jki i_i.n'i (jb 

jUJI 4JjL-. (j~e- ^ « u iZ- >. l l jbJI vjl^*bl cliIjljuuli i JllJI jl«3l _y»l» i-ijA — 6 
jLii! £j_*JI oA.tl l k— »1 ..i>j t JUjj (jLi JjL*j jbvjj <j5bj t Jlijll 

. Jlijj (jli ■>,« 

J— it ji_J J^i J->-lj bjit Li^l jli (jj Jai-All k_k~fc>-l — 7 

bit Jlijj (jls 5 JjLw j»ljJ>vl_<Li — 1_» . tjJlSj# 151..n <SJL* — I : o^y-i p°25 

. b = 0.03707 lit mole -1 , a = 4.17 lit 2 atm mol -1 ,>4 

. oljliJI 5JLJ — I ; <jt v_u 5TI — 8 
. S_y»UaJI — k— i 

? ^k*v*JI k luLcJ I k 0jlj>JI (jj JiJ A hi.il I kjjt — — »■ 

? jjjjj“i ijlbyijjj^l Cj l i lt'l l (J j . ni . kl b I — J 
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y a 4 ' i>(_j 4- it~ > i Jljj y.uU>«l l l lay Ji >11 <Jb J_ji>vx!l <jj*J 

(^ujU (>» (j_jS-ll J^LvjJLi , 4jx»J <_5 1 j uuSyjJI 

«l ^ j 5u j_>^j ^jlJt ajl— Ilj . *Uj JjjkS" y» yjfLi J^ l - a v i dJJ j Jlia . J ^LvjJLi 

J-ii Ju_>_jj ^jiJIj <J OjLlI 1 »<j; v v_jyjil_> Ojle ^ »...■' J^L>vx!l j ylSl 

J— »■ <jli v_lf% k-jyjil y^J CIiUaSlI! j yljjl i)l>. J! JulCj . v_j|jIL 

viwU 4j y»La JI £j-*yJI . v_jy,i» jl v-ili* v_i|jllj v_jyjil y^j J-oli 

y,H« >»j (1) Jjj^tJl j y*u y» l*S kyiAJIj . (Dielectric constant) j£\ Jy 

. <ajLSJIj <ulaJI kjlivll you* J Jajl>lf 

Table (1) Examples of binary solution 


Solvent 



Example 


Mixtwre of gases; air 
C0 2 in Water 
Alc./Waer 
Salt/ Water 


Solution of gases in gases jlc j jIp JxJl»* 

( jij , LkL> l^il L u^ UflgUj St Lyiu jli jit kl.~.V,j UjuP 

l^jli U»yL><j >iDj tj i V I. II ill ,J£ J V-JJ jj viiljUJI Jj> <ZjiL*JI 

jl >0 yli ; »UI J Sjm~oj yj <k 2 J jJ wDj Jlia . I& 4 J iilifvJI JI ykiJI yJuu 

5j_£ Jjul ylj l tig jl . til’ll I ii^yty *li)ll ylSji J5" }l*l! ^Jyill 4_kaj 

i— CyUKI yl <k»y_i ti^Ju isLxi i^jliJI kjl > » ll i^jl^yjill viiLi-aJlj »ly$JI yj viilyi 

Jy i»vjJ ^plSJlj jjJyJfJl Ja -iL fl Jlj ky_»_oJl ij jl> l y£ Jjy) ylSJI ki . Al l 

I yjlij oIjIaU olyjSJjJI yl L£ <^y>JI kj«. All yylJlj yyilL ^ 5 » ) oljUJI 

• kyikll j y5y>JI 
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1 (5) 1 

Solubility of gases in Liquids : j ofjUJf 

j cxIjliJI L|j| j^hCj . J_^L»u (j_j5oi Jilj-JI j oiljUJI i_j jJu 

. Ja»A~eJlj SjljaJ! I Cj'voj ill j CjljliJl «L«-uJa ^jlc 

Sjl J— >JI Cxjjj Jo* 4 j 4ili>Jl oxljUJ! 4j|jl (1803) tSjl® 
jl o 3 —^ tS j-llj jjlLiu *- < i5%JI L u w J) i_s^Li>-l £» 

j J_3 jLkJI .k.A-cv.1 5 ^_wLu 1 — i—xlilu 3jl J »Jf O^ju ole JiU j,uu jU>o- j jliJI 4j|j! 

." JiUl 


: 4JLe j j jLoaJl jSjj cSjl* jjJlis ol^-oLjj 
Xsolute P solute 


or 


Xsolute 


K P solute 


JjL-JI j jLiU 5j->JI J— *£JL) jaSjjJI (Xsolute) 

. JiSJI lift ^ylft jl»^ ijy* jylij . *— j— .U udl iJLoli K sujlill 

Psolute — Kh Xsolute 

1 


Where 


K h = 


K 


-1 


4_>jJj jllj jLiJI 4 Ajj J ? -Ul*J (Kh) t5>** jjlli OliIju 

■ Psolute j j dj **!! 42jJall 5jl_^>JI 

4,,iuU< ( 1 ) iljUil i)J&9 v-Jujj j i_i j jj oljUJI (J4 JjJlsJI j U.u .-*- j 


>.,.i „ .. x ljaj tSjl — i i»jL>v4 j jU (jl Oljj" jl .iDj tijAj jl 1^*0 • ®J->- jU JSJ 

cj^Llkl £_» I^llk,) (K) 1—iwUuJI OliU (jl US' j <1 4 joJuo Ujjl» 



iLill 


J 4 — j S t L > jyl-5 4_>w>_j 

jic t_»ls*JI j^jluJI j JS jj Llj^ (1) JfLiJl 
Jj_L>sJJ j >h » j_j_ (jjj — » jyLSi . r 30 
v_ (_5 jJI jUJI j lJIj^JI (jij 
i_j_^ill £-t LjU^ijlS J^Ui^ 4 _>Sl j S JuxJ 

tcjjjjSJI Jit-Si 4 j|jl UUj JLU . jjU^ jl 
c j i o^jii Sll *Sl tlJU 
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d^d(5) 

jjjUi Liljj>ol .i ,■>> 1. 9 <-111 j i, tjjjjjjJI 

i ■<— lajJjj ji Sj^ i)L> j Jji>u j ijyry jU <>« 3^*S’ ji dl! j ( -lej <J jjj> 

. (1) 5-3 jUJI j 1_IJ_LL» Jjb LtS jL-ill -ki_i> <U*u J ±iy <^*231 oift £jl Jau>jUI 
dUjS nSjJ* 3JjUj dH US SjljjJI Sjl^j £• J2j J5L# j jlc ji i^jUjjj 
JS ^ylc L^ukJ *2JL> o„,ij] slaj JiLJI £,!^le jlc jUJI j* w jUJI 
4jJuL«i (jaj ijJlc Ojl _p- 4 j>jJ .lie JJLJI j i_)_}jj oljUJI OOJU iil^» toljUJI 
<du_£>- <L_wI^j JJL-JI (>* <>lj^j JyjjiS jle 

.7.20 6jjJ jdSjj j J-x>oj ( ^ i > ..» *! b JiUI j JS j* jaSy jbjt> 

Solution of liquids in liquids : j JJl>* - \ 


ole ytJ^t 3j^U Jl j >....iJ (ji />fi »j Jilj-JI JJl»o 
Jj|^-jJ! j ‘Uiajl 


<3) f Utf 

(2) |.U« 

(1) .Ui; 

<JLo L-fJ 

JJLj IJL»p olj”!ll 

,»l» — i *l« — 

<Lj|j'JII oL a LfJ JJL>v* 
j jjlil J2L# c^5jj*>JI 

( vUI 

<JUl5JI 3_>l j'lfl ci.(i 1— fJ JJL»v« 

Oij*-> <-jlj| j US I_XmuJI 

j »UI )f (ji»^^ — 


Completely miscible liquids : SJUtf <b! jl olj JJLxo - d>lj 

i JJLsk* jy ■■•« Jl gjLij . jULS Oljil oUSjdL) <L*-jJjil i»Jl»JI 

. iJljyj ji e JjJUki 

: SJliill JoJL>aJI 

J_£ j_le <(_,uLjj^£JI ji <^ibjjA)l ji-Juj 7 i_s j_JI JJl*uJ! lJjaj 
Oj-MJ 3b = Xb , 3a = Xa (ji (_5 i " jiSJjJlj ia-*Jv3lj Sjlj_>JI j-4 >^jjJal\ 

. jl J Jll*li Jjl**iil j IS,uIUj_jj^}5 

AH = 0 , AV = 0 :( ji,ii 

dUj J{ i-iLa^Lj i£y J— « J^_> ‘Ua-.Q .K 0 jy-o ^ Jsut^ J j l »«i l iJjlioJI ki . Al Ij 
(j-» J_SlJ (JjL*uJI JsuA-aJI y -filjj j^l <j->b t . i U - oi l IlfJj , olLJI 

. Ij Jliull J J.I-V.J.II 
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1 ( 5 ) I 

Vapour pressure of ideal solutions : JlUl J <j jUuJl iuLill 

i—jujjJI ,J£L> 1 juj jji B JiUJIj A JiUI jjSmj 

CiSjJ (J5u) (JjLivjJI Jaj-cJ I (jl (jLjJlaP Jl>j j3j I Laj 

l _| T J (_■>■ «.l I (jl >* i . j >j (a) (IjJLoaJI) ^aLLijJI i_u»Ljjj i^Jlijil (J^)L>^x!l j 5 jj>- ^J-c 

. Ij-tfJj . &B = Xb >iU J^j &A = Xa ol* 4^^ 
Pa oc X a or P A = P° A X A -2 

and Pb x Xb or Pb = P| Xb -3 

. Jlj-jJl (_£-!■* A, B (Jj l j- t 1.1 (JjL_>«jJI IiwiAH La Pa, Pb o* 

Sj'jlkli 4j£js (_5~i (jjlivjJI JaA^Jr (_s jJ I oJjjfj jjJli! La 3,2 (j^lJjLilj 

-uSjil (^uaI) Jjll j-iSJI 3 <u i ,.n i A jt' i. 1 1 <u£ja 1! (_jjL>L| Ja j LaJJ ijjLu jjfu J^Lk^J 

."J>Ls*JI j 

h i.All £^-t>uj OjJljyll J^JLaJL ^jyu CoJjjlj (j_yl3 ^d xi ^jjJI ,JaJL>w»JI OJA 

. 44A*j>JI J oyu a ll (jjjJlj <j_)jlS O* OtP lWLkjJI OJA Jll P (jlill 

P = Pa + Pb 

= X A Pa + P b X B -4 

>... u 5 > . ' (4) iijLj yli Xa = 1 — Xb Lu ^ u 
P = (1 -X B ) P^ + X B Pg = (Pb ~ ?a ) Xb + Pa -5 

Ijl . ijjlj (jjSi (jli OjIjA- <A-jJ ji*i 

P ^ic « Jx> j t^J! jj>o Xb (JjUu P 
.X B = 0 AiA=P^,P = P^ 
uy* Lf) (a) ^JLiJI ji :ila>iL 

(jl (^1 (v) ajLL-IoII JjLjwj (in) (^j-JlSlJI 

a = vm (m, a and v) ii^LJl 
."a = m IjJ v -> 1 JliJI 
r j3l !j*J J^Sill pZL*l\ lv>JI (2) JiJJI j 
u~ 1a 4_Jll^ll (J^JIakJJ K« . aU ^i£lf in# 

Pg , Pa JL*JI 
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JA~H5) 

(3,2) <UjIaI!j . 4jZj 3JL» j oU^SiIf (jx> jA (JjlioJI .LuLAl l ^ ju uj 
Pg = j Pa = P a t,i J a> (jljjjuj LjJbj JjLkJJ oliy> jJJ 3^i^»JI Jaji.s ill 

l^ji — +j> Ja jL aJ l Pg = 1 Pg = P^ ‘Pa = 0 ji Pg ~ ® j-** P B 

(Intermediate II J 5 ^ — L* 3 «Sljl! 3 J»j iAJI 

iu*A)l ^ 2 >y, ( 2 ) JfLillj . 3*SL*JJI ojUIj 3aLeSl Sjlil on 3i»A-,j!l concentration) 
4^ZJ 3JL> j ojUU (, 5 jL>oJI Jx i LaJ I |>a Jif 3j ^£j ( _|^J Jlijll Jjl >■»!! 5 jL» y'y*l\ 
. cjLyjll LJl£ cJjjlj (jjjli (jli Ijl> i_ii *.♦ JjL»jJI yjSy L»aiej . 

Psolvent — Xsolvent X P solvent 

£— jIj 4 (CCI 4 ) £jlj oLS^sU (JjliuJI JaJ L aJ I : tjlia 

jjj . JIjiJI 238.3 4 114.9 I** . ^20 Sjlj^ jj£ (SCI 4 ) (jj 5 j l L i.a)l 
I ^jLioJl JaJLoIl t_u-Ku>l . (jjjjSJ! £j|^J 0.52 (jl 

yLV. 1 » 4 u '^S jl jlxLcI JajliJI 

L>JI 

0.25 = Xa oyj — ^ -Vj^ (yj^ 1 
0.48 = (0.52 — 1 ) = Xg (jj 5j l j .a H jjjj 15 jASJI 

The partial pressure are 
CC1 4 (Pa) = XaPa = 0.52 x 114.9 = 59.7 mm 
SiCl 4 (P B ) = XgPg =0.48 x 238.3 = 114.4 mm 
.‘.The total vopour pressure P= PA + PB 

= 59.7+ 114.4= 174.1 mm 

4 (jLjuLfll (>« 3.0 mol jjle JjI->>jJ 40° C jI* t 5 jl»uJ! JaiAJI : *JL« 
0.121 atm tSjl>uJI JsuLeJ! <jl IjJ ? o^y-i) o^j^l <>* 5.0 mol 

. 0,041 atm ^ylDlj JpU 


3,1,1511 o^jil joc = 5 + 3-8 


itone =-=0.375 
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( 5 ) 


Xoctane ~ — 0.625 

8 


y> (jjL>Jl K«.A.II 

Ptotai = X P°(heptane) + X P° (octane) 

= 0.375 x 0.121 +0.625 x 0.041 
= 0.071 atm. 

j vil&JU j±£- i JjL*uJ 1.0 m (JjL>uJ! buLaJl i_juhj>-I ; cJIjw 

0 j_A .lie (_SjL>oJ| k i. A . l l (jl pie f j{ . (Ullu 50 °C jie tUI 

. 0.122 atm 


. UuL- LS 0.982 y> Jyu, 1.0 m j tUJ jyi ^1 

: fi<J (JjLiuJl IxA-oJI 

Ptotai = X P°(H 2 0) = 0.982 X 0. 122 
= 0.120 atm 

2- Non-ideal solutions : (‘LJIjLm ^*p) JJLxcJI - 2 

oj — fl iejl— u< c j~» l i I (i^JUi))) 4^j (jill Jl3*« ^*31 Jjlx*!) 

( _y-U Ojl-Jjj 3 b ^ Xb , 3a ^ Xa (jl til ‘ -k*-®) « 3jl y* « jaS’jj (jl jdc 
Jij . AH i 6 0, AV ^ 0 pJK>JI j jaiaJb b_^»wx» CjJ^i cJjL»v«JI I.J4J »il) j 

. k.v H< ji 3jlj^ jl jj^j3 (jt .tie cJjJIj <j_jil3 ^ . jk . ~ "1 eia 

Vapour pressure of real solutions : <Luu2>JI JJl»*D j 

pUI (j_» S j k> j <j_jj!i ^jiu iaJljJI JJUoJL! <Jji» ^Ijjl 

— ijy~>j£}\ J £jlj t JjIIajJ — tb 4 Jjibba — tb ^IjjSl BJA (Ji# 4 

^yJLjj iji-liil 0-* 0 ) J 413 j — (jijjy <■ 1 j 2l . > <. l l 

4*Jaj“ll pJajM b< v > 5T Cuj^i 358.2 it>jJ jie ^Lu (j^Jbj^j — 

. 3jl^>Jlj 4,«. j i k jjic D 4jj-jJ J3l jl l»j cJjJlj (jjllS ^.t k" 

> * )-,».i.ij (5t4) (JlSLt'lll j 43 . 1 *1. * ( I <j5bj oJjjlj (j yl3 (jj ofj^b*Sll lift O^ubj 

(4_jibJJI) 4_»jJjll 4,ah,'>*jl j j JjIj— J isuLoJIj (_5jl»u)l JaA-ail JlSLi'l! 0 jj> 
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JA~M5) 1 

^jjli — (methylal) Jjj^» — {y pUsJ y^ (4) J5Li . Jjil 

i xjL fl J) >.'n > * l j> oJjjlj (j^LI 6-* *-*- > >« olj— >S>I <1 (jjJlj <jjJj£)l 
,^il3i I5L*J| j itfULJI (jjlioJ! K».a 1 1 yj jjiel l)J&j t5jl»uJI 

y£ cjJL* (.jlyjol 4J vlujfc — ci.jjy-'l j ^ (5) J5Ci j y-£jJljj 

Cm ij-*l uj-^j *' * i!* j-*i ‘-[ V •* « ! . l 4x i *aJ lj oJjjtj (jjjll 

. <JLv j Uaj {yjuSjjJJ (JjUfcjJI JajucJI 



Oljil 4-uljjJI JjJUsJJ Jjbijjl ijjiaj 

Theory of fractional distillation of binary miscible solution 

y j J>Sl) l ^ ti ... IjJ > .1.11 i ll ^ Vi » > il Jjjil iJjIj^JI (J-flJ ySlt^ 

y— * £l_)J! C^ISJ ijj— > yil JK .t*l! y-J (Jj_j . yl.. j l«ll ALiJ J y,JjLJI y^J 
. y^-koJl Jx oLju £__• j O^CL»-l l ^u j a . 4iii>JI LxjJf 

<i « — <!_jj Ij !.<•>») <U^j (jjSl3 i_ ySjjJl (JjUj Ojty>J! o l^i'xu i— iljJ yli fjLfJj 
e j_A JjUuu i_iy— >j JjU. olj-lxu 

. L-ljJ! j gt^f 
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n i 


1 J#~il (5) 

J Lfr JajJjdl IjA t>iw L] >■ l j5 JjJl d Jjl—r Jj^l >>.1 yijjij : (I) Jj^l £^jJI 

JS — U( <j__4 . (6) Ji-i Ti 

>— i- j Sjj j L <jl Ja>-^U 

<ia2Jj I oia o^Jxelj (Vl) Alailll 

J — »■ . T 1 J ie Ja — > 

Jj—Ij j j j jLiall 

• T 2 Sjlj^. i>jj 
Ja j . 1 > 4 j_>j T 2 Ojlj_>JI J-lftj 



100 % A L L LjV L, V, La V, V, V 4 U JjL-JI Jl 

0-0 Competition J J J 

Fig. 6, Boltina ootpt dbtna OhutMtina frtctioul K-i.<<.l)» Jl L2 <_ju5jJI 

diitillttloo of* lolullon of lype I. J 

lj— a . V2 1— yS^juJLI 

(jUI T 3 5jlj_>Jf A^>.jJ Jl Jji jl pi . iijjjoil J yt£ Ly le'll JH «-*)-> jl»uJ1 
qjJ* J.. <iou LuLi j-Jj o^» j^juJIj . L 3 JJLJI Jl J-^iJy 

yi (^SJil U5 . B J5UI jl A J5L-U 7.100 J5U J*i 

1 j l.nt oJjjj <j_yJlj (jL«j^ La+jl jl lx> ti|) .. o ojjjlj (jjjl3 O* L»*ly»JJ 



plj. 7. Soiling point dli gram for 
• lolullon of the type II 
(Poiltlve deviation). 


. Aju oUjSLi Jl ^jjyjjKiJI jJaijJI 

yl >j (7) Jis : (n) ^ilSJI ^jJI 
> Jjl i Ll Aj y j * » 

V <1 d>>jy (JjUkjJI JaJLa l l 

yli jJiS'll oIJlaP jljji-.bj C <liaA.ll I Jl 

J *L> La£ J*j L-jJ <_ij— I d>lj Ua.ll yju 

J (jl 1 — m » Jj'il jj__JaAj A ... *jL1i 

<J (jjJlj A° ^1 i_j5jII (jAjill i^Lfill 

. i^>LUI T°a (jlji i»yJ 

jdp OyiaJj oil^ (Vl) jL>oJI aLaJ (ji jJ 
o j a j Lcj , Cj jj ha~ll ouU 
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1 (5) 1 

H ^jJLL) b (ji 131 . (jjUuS^jU J-oj jf j^LSj ijLc 'll j a j LJ I jjLZjJL iUa\11 
^yLull (jj Ja2i ^jyj^all jjiaijJI aUwI^j J-tfJu,; B, A j^u i_u5 jjJI 3l>L 
vtx u i-> B BjLJJ ^Sj 'll Cl ujjSJjLSI (Jjj j^iaSjJI if* ^jSjoIIj 

. (C) ^vS’jlJI <j4 B a^aDI 5 jll! i>-jj (jl 
i_jj— < . T2 5jtj_> j-ic jLj B j Ci L 2 1— i j SJlII <1 1 ^jicj 

j 1^ a ■ *> -•■*< Uj . C qL J A)I CjjIUI <jl ■ V2 ole jauLaJ l 

i^LfiJI j jj nhlll I (B) Sjllb A^lg ^H$J* Jl J-aj luli ^JU Sl I j <ai*A 

(j-« .LJl—iJ! OJJk J5^ (jj ruujub . (C) Jsjliv»iJ ylJLiJI 3juli OjUJJ 
j (C) BjQIj ^.a.uil j i 0 L »lc (J- aj q (B) oil!! SjUli t jlJLill ojjIJJI J»y >.«!! 

. 1 j_l'g y£u J 'll A BjUlj j thill I 

< 1 .V» j'L-kS.lll 4^1*c j LiilliJI ^jil Ja^L a UI 3JjJ— >j 1 (111) tilJljJI £^jjl 
4_u£JI j Ja_AJ k_j^Ll>l J —>-yi Ail 'll) (II) (^IDI f^iil jJaijJI A,il»A J *L>L# 

Juia t5 i • (8) J^-SJI j *L> ^JLaI Jl J**j 
if* (_JLel IfJ (jlJLAJI o-jj (jj^ chilli 0 jj» 

B *_jl^JIIj A t_i_£jl! (jl-Jii (j_» JS 

a, V^ w« I JIjj 4 x u . ’iI I 5Jl*JI j 1 *j»j 

J j -hiull ^Li . (A, Di) <^u (Li) aLaDI ole 
Oj^i) (.5^! *-»>- (Vl) JJP (j^t! 

Jl *_ij— < jj-Bjoi! I- jA * . * ‘ (A) SjllL 

Bj_» jL>ol! jj hiill BjULj . <j* Di 

(A) 1 j* t_tSJ] ijlfUl j J-eu Dli c5j>i 

<Lj^ jSJl jj t Di, B ch-h (J jJl J»j!^JI_j . 
6-* til J-^ 0-* j*^l (B) BjLib i- jl c V2 aJ jUy jilaBBJUs L2 

<U^SJjj t <j Xiiij (B) k-oSJII (>» <J^3 (V2) ( _yi* J~ cv a«3 kJyiSaJbj Jyi*<AJI 

Lilli Sj_i v_i^1 < >'iH SjL_gb . <J{ J~o3j Di aLlBJJI <^>l5 ^yulil 

. (B) (f* <&U Sjll J Laj 



1.0 a v| t; d, L, y, 

0.0 CamooMiio.. 10 8 
rein B Aoilisi polar dltfrtm of 

irif*. O. t of tb* two 111 

(NefMlvo drrlMka). 
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( 5 ) 

Azeotropies or azeotropic mixtures : 

j (jl-^Le oL>jJ I— fJ -LyJLiJI " Culill jljliJI O-jJ olj JaJLidl 

, JaJliUL ( _jj— J (i^jlivJI 3Jl>J! j ojL— » JJiUl i!L>J| 

iJauLaJI j£ju jJ <jicj . OjlivjJl iJl»JI j i— u £^l! I j_l£ 

JajJLaJI i jUbj . jii jj_— IVall i— (jLjiiJI 4. taZ.‘> jj jL£ Ijl 

(jj t5A» liuis JJay (jl ujl>o 4juSJjj JJj>u jXS- l_i5jJ 

jjOf Jj5j ju760 J aj ua -lit Ojj JIj J LI I JajJl»<ll (j iuu) jLliJI 4-kZjj i_jj£^jJ| , JauLcJlj 

. (2) jjj Jj-t> JljJI Jjd>Jl j 


(Jjjuj ^*7600 jLjiiJI 5j*2jj (2) Jjo» 


E939| 

■zara 

j||l||l 

■R 1 

(B) 

(A) 


79.76 

108.5 

0«-jj4dl 

vL 


68.00 

120.50 

iliju o*** 

•U 

{jl— JiLp ^ >jJ 


149.50 

<tli* jji i>5u> 


4jU 

1 

64.70 

(j^ju—l 

rjy jj 1 * 



139.70 


iljtli- |_HSL*4>- 



119.50 

4,1 

■iijl j- 

... 


mm 

78.15 

JjjlSJ 

•U 

yjyfJ 



Jyll** 


jlJLf 4»jJ 

|iV‘‘ 

39.25 


O'XjZJI ±£ijrt£ (^Ij 

4^ J| 

BS 


biyi 

1 


57.00 

■ 

•■Li 

CH±ijH 


97.00 



WK^ii ifti 



4— jU_j5j Jl JaJU 4, L r>» (j-SL*^ jj-JJjjjjLil J»j_L>JI : 

J»jL»v* (j-» till u.i>. a! 4j|.> v~,,il q£-*tI j^-jJI . ^y^ . i^il^jjUl jl Ut^ArfSJI JiLi j}1> 

J^_>vSkll j£~s\>o j 4 -jJIpOl* 4 -*lja . jlLII J_jjljyLll j jji > - ' i! ^jjjjjjLfl — *1* 

<>-• (jl— 4-»-jJ Jjl _)j (j-Jjjjjjl { j^ B ‘ J-o-SnI-i jijJu jlJall 

4_>jJ 4j ^jjjyjjjl 4 «ll)j Jloj jiaiJj 

Jjl 4 4 _^j^Ij {oiyi ~ — »U) -b»L>JI j ijjSill 4ijU)l jljil J£J ,jjjl <jl^ic 

j j jJjjJ I j tj_> (jiLij . *1-11 J-£ J — (jJ^liJI .kjl>4l li» j IJll» jia 2 4 j j k lll l 
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Jj-»Sl)I sj_» j j_» lj ^ J u ll l J5 J-ai s JjjfciDI l»y>JI 

• J jJluii 

_j! 3_jJUi« 4 jJj> 0 (J jJKJ Lul ( jjjy3jj'il J-aiJ i^jl^jill ii^ykllj 

. -k y v .a ll yeuo 4iSi»}U ptf H y4 <JI_} . ybjjJI OjU iiL^I 

yip (^yi*u j jjuj ^»760 jjv j» 108 .5 yp yLuu *b + (JS Jy J»y>u — 1 
y r i -.g. > JaL><j pJK>JI |»yU» y-<U5 Jj 7.20.44 

!j_$J jiSjjJlj . Ja J« ~o yle .>»~kj »UI yj 43 1- All 4uSJl . t-Ulj JjjjlSjj J._i fJ I 

l»_» 760 j ij-jjj j»_» 730 Ja_juo jic 20.24 J! 20.31 y^ ^jlyjy .by>JI j yA*>Jl 

• Jlv* 11 ^ 

kiu-» . ^ouJI ^Jn.mlft BjlypJI 4-»jJ ^L>o j Jjjjyjjj'il jj. V.ul I |jjn — 2 

y-« yj_lSj J-J 9l ylJLp 4-»jJ <lJ lii£» 4 4 ji.tA J yAU>! /.I 4 »U 7.99 ^OuJ I 

. 8 yjA-JU yS ti,J <,JlCj 4jbyL» 

The fractionating column : &y>2 JI j^*p 

4_4«.<ij OJAaj l$j|j J_»- j ^yA j L ik<*l| 4jgu*tjA JsyJliJI J_oi) UjJka-JI CjljltxJI 
Bjl_p| 4..AA4^ 4j t> M lljJ JjJL>uJ! y_J jL*vjJI J-cJ 4-j J lxU Zjjjfcj J5 j'i 

b y»~i II oUUaJI J Jjjuil J-oill dU j (jj "1 -ui . By*lufc* jap ajJLp J j. y> 2j 

. 4— ijjfcall Jjjaj (J jJlj (9) JS-SJl j yJjllS ^l-)4>vL-»b yjJaSilb 

y4 {JJ&4 (J jll F JjjP 4 (S i > L > »..* * *jjk) ‘i |i , “li\ j 4jjp| l!>M 5 y* yjSjy jif>JI I A*) 

. C i_ii5ujj P ybb! <LJL) 

^la— i'll OJA yj J->lj Ji E <b^ju"jfl (JaJj Jjj y jla Zj J J *iy J?yi»JI yAww 
J^b> yj dJyA>jil J5LJI yjuJI ^ I rvw Sl . y4 yA>Jtw 

4_ t tkp'il B j_a y^LJUJfc jjj 7 JI 6 y_4 LajJA - jlyjL^J 4^kp'll 6 JAj . 4 ^LpI 

obSyll y 4 yeuu 4 L i b « l l OJA j , Ja* JiLJI ?Jx_ JMa- LfJb 
jl>uJlj . ^jL>JI JjLJI lyiUsu y^l l j>dlj . JS^II 

ly^Ltu yLS'ill oUjSLlb (jA-* 0y-*4 4 j 3 JaUI lyjl jbL^II JI JjOjII 

(_yp y_yb (5) ^5j c>* (jbt^i ji j*j ^jji jslji uj^u 4 yj^i jbj*'^^ 

j yUl 0*) jLAt'il yLJ b_j*pj . ljSL*j <xi yLtl (jjJI yP lyillsJ Jjf 4i>byib 

. jiuit CjjLj yjjaj.* jL^> CajIS' y US' Jama JjaaII 
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J# 3 Ua 1 ) ( 5 ) 


J— **!l >-i > L > 4lli jjhilll j J-ail JtjJj 
Jj— *-C J—tu y—>- jl—Ja'il BjL^j 
jj . jj U;-1I J 4 jJ’u; 4_ JlSLjI cjI j 

j J— ey oLjS’jII IjiUsJ JlSlI yli 
j*j ilj j*ji (jiJIj Jj**ll j £till Jl J^lfjJI 

Ji— <1 (L) i— >aill (yt jU (S) 
(j_* *Jli fjiUsJ ji5*il L*j,« . (9) Jis 

cJLl^i t_ij-< ijjliJI jL*oJI . jjjjJI 4^3 
. jLiJl I 2JL»] iti± >3 (. t.iy*- (C) ouilb 

ID OOuiJl J^L» t, r L>w,~ J5lj~JI 0AA (jj i_yoJu 

_ Jl R. j—H j— >^l c>A-AjJlj . 

Fie, fy\ Scbtmttk dlttrim of " , 

<.Ju£.i Ja_L>J Ojj jl ^ >.11 

ol>ot jlj— I pJjJj > fll. il I i>4 JutSlI B la Jai>J ^jl>- juJaSlI jjj jl j >11 j <Jij 

. ^liliilb <_oL»JI jjjjJI 

Laboratory fractionating column : ^UjJI 4j j>JJI j yts- 

, J^SuiuJI J . ai.l I jl ijj>all Oj 1 x v. 1 .«. « . ! Jtjill j pA»jLo ^oil BJtuCDli BAA Jit 

l^.,ijLf) jij ol>Ultl Ift il^jL <ojjj| (jt ij^Sj ba^c^I baa Jit oUjSit 


Httiiog cell 



. (J5_a 5JI «U^Lat oLVUXjDll o j_») 

JjjJ L_Jj j j»-l>u ojSt 3-5j>JJl Jj~^j 
^jJLci JJUl jlJLe jL>v t 
py to l l (^sj • uilill Jl uj jt 
y*yy ck^l ^j^l J j*^ <eLg-> j £-»>» 
Lt^ Bjj ,h<~ j|j_il JiLJI O-jj etl yJ 
j_j . (10) J£-iJI j <j*_« j* 
jj . JjttJLj (Jullll J— oiu L~oJ 4_ij>oJI 
jjjj t5j__>Sl 4__^LgJJ{ j — i ui— 1511 i-rftf) 
J_fcCj. Ij^LJaj jlS^il (_il51l jl*oJI JltljL/i 

(JaJI jA ij^Uat jlS'SlI jlivjJI j! LjJfall BAA 
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I a^(s) 

£*• ^jj I xJ j^LLoJI j LSj» JSl i^jJI Id J yi£- J^L> JXJ 

»±>j MJlj .L> J Jjl»j JjmII j ^Ujul 0 I k^^LJ > 1) j.> . Ji«d Jl "ij* 

. J5LJJ (jl^iill <L>jj l jLe- L>L>I Sjmlm . L^Jl jj xJUjLm 

Partially miscible liquids : p \ jioVI <Lu^> - o 

J_yU^I + »L» Ji» JSJ k_jj jj jjJlj Jil^JI jj_< L*jj Li*. j2 J 
*r! J-c- L-*a!A£) j (Oy-O^l -Hi ^ £*b “ OokJI) tip Lh" J*) 

J_>lj ^Uu SjZJI 4 ill* u (JjI_J-< *£>IjJI ^JLc j . (^jJaSJI 

JaJLAlIj . (Partially) <-^ 5 y> L*jj ijubjill jli JU)Uj t < L uki!l ^ae ji-'ilj 

t.5 1 . oJjjlj £>_yl 3 6 ^ sjAj cjl^d'il Opj (JjJL>jJI ojj» Jil ^^jJI lijlkdl 

Jl J—cuj 1 yi ijijLjj jj I 4 jl*u ilJ^J i y>-\ Jl Jj>Ij (jj iiLo^l AjiliC Jljjj 

. yjuoii* ->>>J Jl tiJp tiiJI ^*^1 ‘ <■ »£ .»« ijjbjjJl <jp 3 L»Juo 4Jylfj 

. (Conjugate solutions) SJjljJll J^JUJU oljs'il iJU j Ji)l>-Jl ^k-i 
k— i.n «*>») lijLiuJI JkjLeJI Lr »Ju Lf! jlj-j'il Lf) (JjLioJl Jkjt-eJI i V j> 
i Jjjyi t dJj HJlti (jjj 5 jlj*JI <L>jj j^uj i^>ljj*il *kiill ei» j,Uxij ((jJ^Lx^JI 

£-• oy-o^* • ol—^» £» bAyiy *L» £• t J*«i 4 o*4»i i jJ*l 

Sjlj_*JI i-*jj j^-ib y-jjj • J^L*JI ei» ^Ijjl ijj J^jji iiM 3 -^y bi 

. 5i}UJI ^IjTil oj* jjLc 

The aniline - water system : «-U - u^i ‘Uliii - 1 

8jlj_»JI i_*.jj J_ltf »Lil (>| i»_jLw Jl (jj <&»£ 5iL»l Juft 

L*Ja U_jSL< tUI j O^^l ol<)^ 4 Js^jJI (<i^»ll Sjl \j> i»jJ) S^jUJI 

ia_*-'>U 4 »LII Jl (ij->l 8j_* i_»L-eu (jj 8 j^j£ <j 4*^ iit-oj jift <^l6j. Ij>-lj 

till ^Ja_/ oli, <> CH^^I y* (^1*^1 ^ja— *11 4 (j j* . k w CHJ& 

4 _Jlj Ij'i^ll JjLi^l j\yi i ..iljj . .H i I i^U ^au < M Im . ll lj 

k-ii j_>lj ^k..< LSjLj 4 p^t 0 ^! j *^W ^*11 ^*^1 

jj *j*ti ji Qjj^;,Si yj (^5 3iUb 4 Sji^*Ji 4i<jji ji£ j *1* <i>* (jiL«i»ii 
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j^a (S) 

5jlj_pJI 4_»-jJ y&J 3 ju«J j Ja2i 4jli tUI Jl 

^ > - h— » (jl_j 1*167° 5jfj_> J| XlCj jljjj olj^u JjUuJI J^ljuJI <jli 

. 5Ul£ y^jl jj ^Ul Ji JfLiJI fjjJu L*J y^ULJI 

j ji^* £-• (<^»5 yd-* (jj^) J^laj ud*> (1 1) Jii 

^ — k»il ACB ^ > > U I . 5 j|j >J| i_>-jj 

.*' (X) 3, h?il| 4 (t°C) IajIjJL* i»jjJ 
J^JL»u) ( ^ >l r> . < olj AaJx'l* i)L> J plfcui) 
L_fJ . (conjugate solutions) (i-LLi. 
tSjl> L 2 >yil ‘ (L 2 , Ll) y-ij 

(j-* ^jLj > .(jS^i yil^jSi) Jii 4j» < v,» *uj 

j jli JiiJI <> (ACB) jlty 

J— ^ . Ijb_>lj 1 >» h .<# U^j 4_L»L^ 5_j|j] 
J^Jl>v* £-juu Ll J *111 
*Lil j 

^ V i * 5JJ1 O d L 2 yxj CjLjj5j 1)I 
*Utl y-j ^yS .t >»*> Luli (ACB) JJ>-!j jj . j il*i! £jla* 

(C) 4J^ j m 4-L m lJ 4_>jJ ^Lijjl jic (^jj^ ^l>altj . (jjiLail* U_j£^J ^Ay^lj 

. 5jl_^>JI <L>jj wi/u (C) Ja2JJI jklc (tc) Sjlj^JI . J5LsJl 


■ Ufajjl Q* jjt Ojjlb 4.1 , 1, u )l ljJ*4 iLUll 5jt_)»JI ‘Lfrj-t (3) JjJ>Jlj 


Vr^yJ 1 


puun 

B% 

A% 

(°C) 

B 

A 

48 

52 

59.60 



65 

35 

163.00 


b&i 

71 

29 

49,10 

f Jl>- yL*Sj» 

Jylxu 

80 

20 

45.50 

Cjy£}\ ^15 


58 

42 

167.00 

HHHHRSI 

*u 


Oat^ka* r**Joa (knw «olotioOl 



So 40 <0 *0 100 
100 Compoiitloo */. *> 

W«ut 


Antllno 


Pit- <H) Modal •ohbITUy or wmlor 
'«4««Uh«* 1* virteo* tamper- 
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ii - The triethylamine - water system : *-U - JjLjjI «UjSui - 2 


Two'pfcw* rtf km 



100 Composition % 0 
W»U» Triclbylamino 


Fix. nZ).M«WUlr of irldhrUBin la 
walar at varioaa tampanlom. 


J'M SJjLitl Llj^l Ja j£h 

. (12) JSLU! j -CjaLAj lit' 1 "! 

4-L>jll j ^Ijia^i !j*\j yJJiLJI <j u (jl JSl^^U 

^Ijit^l <JfjJ JZ3j l fl8.5° Ojlj>- i>-jj Jag La 
t°C jjtf Jl J-oiilj (jJiLJJ 

ijySu »UI j (j^ai J^ttJ i*-*j Ll JyLxall — 
j »L1I 4 i .-.’> L 2 jJ-SJI (j-iw (j_j£> u(3^^l <UL> j 
<jJJLJI LajJlc (_jJ-JI i— >jjJI . (jjjl J^UJ 
i_>jj <UL*JI 0 j_4 J ^ « ■■■* plj (jl>a-eu 

. foliSuJf Ii# Jl« J L5 ^j'JI lU^JI 3jlj>JI 


iii - The nicotine- water system 


:«-U — ^jSLw ^ Uaj — 3 



tOO Compoiltloujf 0 

Walat Nicotine 

Fig. ( 13 ). tohumo Sf afcatias la Mtar 

at variant twaaratara* 


fL_feJj! k-ji .a aLa — ^Uaj j 

OjljJ« <L>jJ . O-jjJl OjljjJI <L»-jJ (ja (jojjl 
JiiJU (j£U LaS" ^jjjl O-jJj 

(jjjjlit jl Jsfij <i lal l Vilalii j . (13) 
jloul yti La5 4.>^>JI 

^°60.8 t ^°208 l a* (C) y J \ — j 

i—o^tSJj 4.L .al JjlC (C,C ) J Jjlill >— I jS jjJlj 
5jlj_>JI <L>-jj (A) I oie . (j^jyS^j 7.34 
t»Ul j Jjfjit (jajy£jJ JSi • j»95° — 94 
(jj_3_jS^iJI j 4-JaU}j Jii {Jtfi-l alii <jy£j UijU 
. (B) UJUJI f 130° Jl 129 ji* 


C - Immiscible liquids : <UjJlp JjI^JI --> 

t k-l-atVll j L$. ~OJ«U ^j-*3 *!/ ( _yjJ! Jilj— Jl > ^Ijo*^! Jily-JI 
JJu 4^)Uj ill ^s- Lfl y-J oliLril £* a .*■ j J5L* Jl JiL. <jLoJ 
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( 5 ) 

i suLo 4 J JJL. jl o ,v > (»U — ^15) ‘ (t3#Jj — »U) . «o* 

L^jL~u i_JL»JI so* j ( 3 jl>oJI JauLaJl . j^fl (ji® 1 » 4 1 » <jl -i o*i * !> "4 < 3 jl>o 

P = + Pg , <jli 0>^ J UJ*j . 6a> j^ULA) 

. <J lp A, B JiLJJ (JjL>oJI J aA . A Jl jjA LjrfJ t i aA . A Jl (P) Oj . > 

IxjLal] LijU-j -Lj-1 »,«.ll (JjLioJI JxJueJl P^ , Pg ItOlP ^Iaj LfJ J»jl»Jlj 

. oU^£L*li (JjL>jJI JaJLeJI yA >»,«!! ^SjLioJI AuLeJl jli <^Lcj t 

-k _» ~o j_1p «iLlj Jli» . Cjy£* (ji i)-t J-j! j j_5u <L»jj jli JlsJLj 

(>fjj j»13 1° oIp ‘ p99° jup »UI a»J Jj5j (m734 

”4 L.AjIj , J a—iL cJ l <L>jjJ! sip L yju jJlp p 91° oIp 

. U^‘ij.1 Ou-DI j jjuo 0j!_^> 4p*jJ oIp h«-All j ji* 3 

jL>JI_j (C) o^p (>• uj£uj (14) JSLi jtf»JI p aULu so* Jl* 

IS-* . 4 — Loi jljil L^LiAl jjJlp i3ji>a (F) (5jL> J jl J*l» OiliJI (>e (Jj*u* 1I 
jjJJ j £-a»o o l- 4v. ll jl — ioJIj t (g —ui ) t_ i 1^ *) J-clU jjAII jjjaJl 

*l_ll j_» J-ft9 4lxwl^j <JLa3 i_x>o i^jjl ^21 ^tuy (R) JiZl-.n 

. OjafcSj jbuj vlilj JM oiloj 4 jm ^L. j_ 5 jjl 




db*~H(S) 1 * 

(JjL-><jJ! Jx«-eJlj Jjl,**!! i)l^U3l <Jalj j! ( jiyj . Lf->l...-> (£44 Sjlllj »U! <^*£ 
jL>JI <Ikli j pjjy* « 1 ' Jj-ll j-.ii*> II X/V) Xg <jl <j4 jji jii . P A , Pg La oUjSjH 

0,L* 

P^ = X A P -6 

P| = XbP -7 

(J ^»J (7) (6) iljlull i j.t.a S/ j -Li-flJI (P) ol 


SjLJJ o'ijil jja La (iia, ns) oi ^ 


n A + n B n A + n B 


ji iiu>-j 


: ^lc |J.n-»« i (8) SJjHI j j l&ul l ^>c> i _5 1 jie (A, B) 


&-5 a. 


Wq W * 

j B, A 0-4 J-SJ Lui WB, W A n B =— , n A = — ^ ^ k>j 

M b M a 

(9) iJjUIl ^uoj j . ^IjjJI ^1* ot}/^ Mb, Ma iji 

p A _ W A M b 
P B W B M a 



m a p: 

Mb P£ 


-11 


jj i^LUl oJiuSl jj DjLlII oLj£*U jljj^U SjrfL* 4351 a 00 

La^lj , 4^21)1 SjjSLII jljjll 4^j>JI £jljj5U ^IjS^I 

S-ftlLeJI j (JjLkJI jfrJailD O J_4jJI J Uoii jitiiJI jjijAJI CjJ^ 

, (jiljiSl BJbf) 

.(iji.^! JjUL iJIj'il 4 ja-» vjiljiJ! L-U* 4^j«a*JI Jilj-JI ^SiiJ - 1 

.i^jluJI (jljiiJI 4j*jJ JjA Jo£ JUaU iLLJI irfJ~eu*JI JJIj-JI SjLi-»5l — 2 
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( 5 ) 

. j—uj 740.2 3 a .* w» j f°90.3 jJ L e ^lij »ll!j y^jJujoy£JI y» : Jlia 
till <*- J jl>j! jjij u 530.1 sjji jj* *L1! LwJI ^ 0 L*lc 

• j±kuj3l j Urij^J jj&H j 

M.wt of H 2 O = 18 

M.wt of Cl-benzene = 1 12.5 

V.P. of water = 530. 1 mm 

V.P. of Cl-benzene - (740.1 - 530.1) = 210 mm. 

: ^JlC (10) 3JjL*il j jiaiil tofj yeu_y«l)ljj 

weight of chlorobenzene _ 210x1 12,5 
weight of water 530.1x18 

= 2.47 

. (1 : 2.47) SjUI J! »UI LuJ 

iaJLallj j»_»744 y-P? h -< i u> j p° 95 0jlj_> J iuP jks (A) Sjt \ JljL# 

yj^II tyUnLvl . jhill y* 7.55 (A) >— nSjll <L>.. n . i CjjL5j . M 634 ^SJil ( ilaJL) (5jl»uJI 

• • ** 

M.wt of water = 1 8 

V.P. of water = 634 mm 

V.P. of comp. A = 744 - 634 = 110 mm 

The vatio of weigh 55/45 
By subsbilurtiong int. Equation 1 0 
55 = 110xM A 

45 634x18 

M a =127 

Solution of solids in liquids j olvsJi JJLxo 

Sjlj_>JI JJll Jlj i — JlLflJ l < l jii» l )iti (Jii— I j y» 4jjj 4j|jj .U*«~ 

j (J5 lJ ijjljjjj Jjfyi j<S . pllsuJI hi . nl I yj 0 j±i-e 

4— >jj »— J-JLcJ I y-» 4 ^itS - (jS i 4jliJ ypLJI Jj2^ M UjJlC jjJl <da2jj|j . JjL< (ji 
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( 5 ) 

oJLal l ejLil (j_* (jl ,Jj 2 j (_ 5 jjf ^ ■* H JjJL>«jJb 5 jljj>- 

. £iil! J^ t > .i 1 b ^jlAI I (jj jiS^I Lflilj'i 

(jj j»! J 1 j v_ij jj ^i)l k_j|ji ti/ijl! jae" . J'ijlb SjUJ ijuUjjJI i 

j 3^5 yJI (j_c j j - jwjJJ cSj»>l Sac a>y L*5 . <U^Lm ojl^y*- i ^jj ale i_u1j 

k-i—jiall (jjj Jf (jj^b ijlall ojlll Iju-Ju" U jAj t 4j_dl l^Jb JiLJl 

P° 

6-^5 wt% of B = — = 8 X 100 iJbbJl oaa J Lj5 LaJ 

Pb w a +w b 

^Li jj. ■}*■'> a .V Jl w (jj (Jfjju-»b ^^»JI t>^ Jlaiiw'il 

k-jla.»U cj'ijJil j j c 4Jb" j'iylb >*J j> jST^jJI £>e j^mill ajjJ <«) I J»bdl jJjuJ 


id— • Mb — 


<j_yl5 £>* jaajj " i_ya< yj jjJ a>lj j k_ijjj ^jS)! 


ij_4 jjJ a_>lj j vjIjljlU ^jlflll Ojyi jae _j*j y>j JjbJI ^e- l$jLl J2^ 


L. jjtj N 


No.equiv. 


V(litr) 


(N) j-»jJb *ie J?*ij t—yjj 


. J^LkJI j Lfli' jljdJ j ^ a S JI izj'iy Sae ^ie L»j~*iu SjI»U j-»£Jb 

n a n p 

X A + X B = . A ■■ + L =1 

n A +n B n A +n B 

j—»£JI y> Li O2 (> 4.0 g , He <> 2.0 g oljliJ Js^Lisi : Jiao 

? j (« < .»« JSJ JyL\ 


.bjLiUI j oj£> jae a>y : 

mole of He ? = 2.0 g He f lmoleHe l= o ,50 mo le He 

I 4 . 00 g He J 
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( 5 ) 


mole of O2 ? = 4.0 g O2 


l.mole0 2 

32.0gO 2 


= 0.125 mole O2 


0 50 

X He = =0.80 

rte 0.50 + 0.125 

v 0125 

X 0 = = 0.20 

U2 0.50 + 0.125 
x He + X 0 2 = 0-80 + 0.20 = 1 

Jl o-SJil IjufJ O^jJI JJ_aJ 4i ..<1,11 (jt OjliC i_tS ’ jL Jjil j| (jl li*j 

. j J5” o*iji jjjJi 

250 ml Lftl>l i — >- > »j (J jJI wLjjuJ) oUlj^JI joe : Jlio 

. 1.42 g/ml (_>o_fc>Jl ijllSj t 70% (jlj UJLe , HNO3 2.0 m 

¥ La.il |» j >•.*>. ■>,> jj I pjK»J| jjbL< 

UM 

(jJ* IfjJjAj >— 1 > »,; o UUa . i l I 

j yj 2.0 ml +>j^ ol v- 1^> . 2.0 M y> o^U&ll jyL>^JI yl Uj — 1 


. 63.0 p ~ 2 

. (_HXIL»<J| 4>* 70g +>J^ 7.70 Oj^SJj t5jj| 4l^jjuJI i_yauj>- 4>* 100 Ji> — 3 

, 2molHNO 3 f63.0gHNO 3 > l 

g HN0 3 = 0.250 soln - i 

l.OLsoln llmolHN0 3 


lOOgconc.HNO; 

70gHNO 3 


= 45.0 cone. HN0 3 


ml of HN0 3 = 45.0 HN0 3 


l.OmlHNO- 


^1.42gHN0 3 
= 3 1 .7 ml of HN0 3 
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J4~»(5) 1 

, J jL><j yj jjJ j oil* v_il ji otyl jjfi : J^w Jl (jjJ ^ li»j 

1.18 37/ ^ <, HC1 yi*^ X^iyt : JIjLj 

• iWfLtf- 


. (36.5) y A >.-» ■ 1 1 til lj| 

, , , rt3 , fl.l 8 gsolnV 37 gHCl VlmolHCl 

mol of HC1 = 1 x 10 3 ml — 

J.mlgsoln j i^lOOgsoln J ^36.5gHCl 

= 12.0 mol HC1 = 1 1.96 mole HC1 


yjj— II ? ♦LJI j 12. 5 7. ii_— j i C 6 H 12 O 6 ^L* : Jl-1« 

• 180 (/* 

Ull 

(jl *Li yl-4 100 j oil* j^SjLsfJI (>• 12. 5g . 12.57. i5jJI Jjl>'*!l — 1 

. 87.5 g = (12.5 + 100 — ) /i ll 

.jjSjUU 3^1-2 

Mole C 6 H 12 0 6 = 1 000 x — x — *- - - 

180 mol of so In 

1000 12.5 n _ 0 „ . 

= x = 0.7936 mol. 

87.5 180 


? (_y5L« Jjj 1 j k— >ljl ,J_^ll j. «* 5T . I I y>l* : JLw 


♦U 1000 g j »UI iZj'Jjj jjfi ■ 18 »UD yj^l 

. ^ lOOOg lmole .. , . 

/. mol of water x = 55.6 mol 

18g 1 


ijKlI cjT^II 


X» 0 is + Xh 2 o = 1 + 55.6 = 57.6 
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( 5 ) 


= = 0.018 


J^ll j-^JI 


= 0.982 


Ijj v tLil j C12H52O11 jjySLJI J y ■ ■> •.« ' 0.5 M 

. 342.3 ^ j^SLJJ ojj lj 1.064 g/ml J>U*)I Jiltf 6 i 

Jji>J jlJ x>-iy <1 aSJ! jI»*^ 3jU£!l »q>Ouaj (j! y>j 

g soln = 1000 ml soln *0^gsoln - jq 64 g.sol 

(_ l.Omlsoln J 

: u* JA j *IiS3l uj&j jjjSLJI <> u 1* iSy^ Ijj 

jjjSuJ! «> oU^JI jj* = 0.5 x 342.3 = 171.2 g 

JbJLi? Jji»>JI (jj yj a>-Ij <lj£ 
1064 gm step (1) - 171.2 (step 2) 

= 893 g H 2 0 


jyL»v*J! jjiu <^Lcj 


, 1000 

mol = x 0.5 = 0.560 mol 

893 


Solubility curves <ulj)n obi x in 

ytk L*5 i_jl j'il f jj->oM> SjljjJ! oL>jjj i^jt j'il oI^JLkIII 

olj „ i.>». 'u (^,u^ (15) J£A!Ij t Bjlll iybjj ^,ub <>« .to-Mj 

ji Sjlj_>JI <- £&£ ^ _Lp iyUjjJI j i .>u ol>Jl (jl Ji>^U y* L£ .jI_jII 

t j>jj CjIjXj (jj j BjU (jj JjI jj jit <-ojUl l 

Bjlj_>J! 4_ »jJ Sjl^j £_* jljji l^Jbj j Ja>.5U . Cjljjj ( oljj!5 

BjIj_>JJ yoL-j <ijf 1 x> 5U «-Ul J a jljuJ Uj . (_><>*»* il u ^ 

j|jj3 . ^1^ u iSj4 .BjljjJI i->jj j ^liSj'il VOjjJl ■ ' » ' « ' ^ sill j 
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/i4 


L&Jjsj | %-5 OjljjJlj j,>SjlJI jj 4 ,\ aw, a 
<->jJ j £_j <UibjjJI (J23 

Ojlj_» £_}j_» t±jjj»^ 'll._l.>. 5jlj»JI 
3j|j| Jbo < j j«j£ JlV^ij 
p- 5 ^y- t h g 5-^J ,j-W 
(j— i jj ( JL-> 5 j — io uij-»u^ 

‘ j-“~® Jj'ill 4_l»-jll (jJ-ll>-jJ 

tCMnCMATUNt 

Fifi. (15). Solubility curve* for tome * — ,uli! »*_>ji-oJl cjLjjyi^ — » 34 

inorganic salt* io water. 1 1 

n.1 .ill Jj_LvjJI (4.». _ul ]|) 

oLjyjj£ (ji j >b ^l) L i >■ Sjljllf oll^jj^ ijljj i_py ‘ |*34 Ojljjv <>-jj jjij 

.SjljaJt i>jJ ^Uljl £* ij*-’ 5_»iL»^UI ^jjJyo}\ 

L-o^lj . ^L- JI J^Liil J Lilil Ua&j oi-& v-*Lo ;rJb— ' <iji->JI jj 

. oI^LkIII (> JliLiSlI jobi cLiljjjj jjjj!5 



Fin, (15). Solubility curve* for lome 
inorganic salts la water. 


jLyjJ^ j 


Heat of solution J 3 L>*)I SjIj^ 

|j_flj »Ul j ^111 5 Jtj>- (_yi^ <>»jj 1 oljSl oL»l,}5 

. jjjjCi.ll I JA ^LuuJj . ^>oJI CjjLj (J^LlJ LjjA Cjjli (jjjLi jjLu <jnjiJI 

d (In S) _ AH 
dT RT 2 


(j^_j 4_J}UJI 0 j-A JjL Suuj . Jjl>vaJI OjljJ» — (AH) t Jjib olj*!ll (S) i. * i l i> - 

<jl* J-O>o jjlc T 2 Jl Tl oL>jJ JjliU S 2 Jl Si (> (S) JjjL>- 

] d ('" s >=] 3 dT 


J.nv.' Uili BjljjJI L>jj ^s Julio “J AH yl jj ^ijJL 


S 





In 


§L - AH OWi) 


JjAa-J! (5) 


log 


S2 R (T2 x Tj ) 

Sl _ AH(T 2 - T x ) 


-12 


S 2 2.303 R(T 2 xTj) 
oL>,j j_i# 4-^jLjjJI oa_9 jj . J j .1 >. >JI uL> l j£L»JI |j| 

j LJ^u 1 yt AH _) S 2 > Si Cell! oI^LmJI f jks . JjjJLLJI 8,1 

. 2jJL> ^ia* AH J S 2 < Si (jli SjjLLJI ol^JLwJI 

1000 ,J — SJ ^I^j> 200 j 70 *111 j 5j|j| oi> j ; Jlio 

(jl_j LaIp t ^Ul I j <J yljjjJI p° 50 t 10 jl# *L» (jj 

: 12 jJj <1 jU 1I j JljuLw'ib i R = 8.31 K. * mole 


J! 


log 


200/18 _ AH (3 23 - 283) 


70/18 
0.4557 = 


2.303x8.31x323x283 
AH 


4350 


= AH = + 19.93 Kj. 


JjJLxaIJ <LuuA>jjl ^ u U ajJI 
Colligative Properties of Dilute. Solution 

f jSs’ S-«34l J^L a vAi j>euL-fl3- £_jji £juuu *j#Jt j 

iwLaJI j ^100*211 (a) jAj jiij 4 ^;ll»j jji oUju 

JaJweJl (d) Jujl>oJI 4 . h i i j Li>o* 2 )l (C) 4_>-jJ j (b) 

ojuAj . i— ajjkjJI (^ojL^jJLi Jj 1 >*tl cjLi. oJ I o jj* J^ L>v » l! ( jjLuit) 

4_1 I JA 4^ (IjJj . 4 I a ,u 1> ^jJ# JaIaJ *2l (j53 j JJ# J«*«~ (.ysiLaiJI 

Oj^LLlu jj -«J I 4j|jll jljAl 4jiyjjfJI (jljj'iil jl***2l ije ^^1# 


- 202 - 





1 - Lowering of vopour pressure WJl j (>UioVt - 1 

. Sy^lLuU SjL <*i <_ n jj Ljie yiiiiJy JiLJ (JjliojJI JauLaJI yi i_ijyoil yj 
J JiLJ Jauug yAj3£jJj . JiUI J i.l. , 1 I Ojl^ £0 i-JUjUu^J 

j yol (L»J'il Ijl . P 9 JiLJI j v_flju (jj < t u$ *j|j| i«jj i P° <JUJI iIL*J| 

£-» ic j— u (P° — P s ) * «ii* ' - i!-b .g ■&—>_) J . (Po ~ Ps) lSjLsjJI Jan-ai l 

Ojlj_»Jl OjLvjJ J-^ ole OuU P° — P s / P° _y»J Jjjdl y£lj 4 3jlj>JI i»jj 

kJLail JI (5 jL > J) b-o-oll Jj- oil j (ja2jl\ I jjk . i_ji » II J jLvjJJ ijjhu <^o5 jJlCj 
. (JjIJkjJI JaJLall (jjuJJI (j^UjKj^U ^JjJI JiLJJ |^jL>oJI 
Jj_ll (P s ) Jj l . > >» tl (JjUkJI JajudJI i cJjjlj d)_jilSJ LSjJsj 

IjLfJj . Xl° li^jtll 

Ps = X, P° -1 

: <jl tSl . J^UJI j JJIpoaU J_jo X 2 £LL)j 

Xj + x 2 = 1 

X 1 =(l-x 2 ) 

^jie J-a>J (1) SJjloil j yJyjojJbj 

P, = (1 - X 2 ) P° X X 2 = -2 

p° 

JljiJI ^ic <_jliilj ^tjitll JJll y~»£JI La 111, n 2 cJ bJiy y 

t»,ui-u (2) SJjLII ~ Ijl 
c ' n,+n 2 

P°-P 9 _ AP_ n 2 _ 3 

P° p’ n t + n 2 

c yl..oVl| yA jj Jjill SJjLi l5j^l Oj^-o y^jJ (3) SJjUl 

j oMj-ill ^J-Lill JJ-nj) JI >-jl j-ti) 0*ij_ll J J— oi JjjJ LjLj LS^-i lSjL>oJI JmaJD 
y^l.i>Q*il yl (3) i-JjLil £>t £-iljJI frtj " >i t i» i > j « 11 (_jiy>JI y-SJl” ” Jj1*aJ| 

. j til in o. All I J j.-'.tl 
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M2 bJrfjll Ojj = Wf 4 v^* ojj - W2 ui _j)j 

£)j& (3) <uuii ojjM ~ Mi 

W2 

P°-P s _ n 2 _ M 2 
P° n i +n 2 W) + W 2 
M x M 2 

4 _*jZJl Jjjj; lj LfJL-ft] (112) d)li Ij — > 3 UL M I J^L^tl) 

. cuJjjlj ^til UjUIf . Hi + 112 ~ ni 

r-p L= w 2 _M L 

p° WjM 2 

LxUjJM y_* loljil OJLaU jjj_JI wLa»J UjJoaj (4) iljUil £y» 

. luLajl j yiUii&U 

WJt j jl^jJ 

Determination of the lowering of vapour pressure 

i-^Ley . t y * . j ntl k ^ j Jl jL>»/i S^UaII jykJI ILjJ 

, jmj US' CtAy*J JjluJ b Jj— 

The manometric method - 1 

J5L1JU i> 4+4 y» U 5 *J^U( £>jj» j fjJ<LA\ 
iJ AO . ol3^ Jfiyu - N jAj JiL- - (1) 

-rUiliMl ij-i j_>Ij 5U^ . JjI .ill j5j <a^J> oils' 

j ^3 J^l>s* 5 U 5 U* jV 3 t ^USi'ilj bjjsjilL 

yoi-ji j j -£b>^ui 

US ySJj . JjljKjJtj WjjJI JoX*e> y# jjiJl ^U w j (JamJI 
,_UJL_>b4Jt J L»j-a»j . 4jyjkJ1 ttj* 0 ( tiji 

Jj L.J J [5j2u*if j jji ^luj l^jSf 4 Ijl>- <ii34l 

j Ix^jf iJ^Ul «j-» . m-mJI ( _ r -Uj . C«*ljj3l j 
FI* 1. ItasouMriv " 1 

M1h0<1, iS^LJ! sia yl^ Lie . SjJU c^l>jj jip SjSjil J^JUkJI 
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loss in weights of bulbs, (A + B) p° p° 

cjli t 5jl_pJI < _ s JLc *i (JjLiuJl k x. AlJ yilti-a'il £l 

L_ia Oj>uJI »lj>l U_)^6j . 5jl^> 3->jJ i^i -uc Oj>u)l 8<i* Ji* 

. ijjLi 5jl J>- O-jJ Ju£ ^jU j Jai>j jl j., r >. » - u ) £jJsJU 


1 





j <j-» ^-L* Lilli «>..».! I }L_£ (jj jjiil! (jjjJI j ji>>23JI Sjl^jJj 

4_Jli i_>^jif yj> t-l II (Jjjulc! jJj . o^>u]| j>-\ J O^jjS j i_4ulji j 

i^jLu <jjjJI j Sjl^jJI <jj£j 4 uj^U! JM» jlil (>• »UI ^ »> 

ULsJI oj> J US’ (B, A) QjL frJJKgJD (jljj'il j jliJl £^JJKa] 

loss in weights of bulb, (B) (p° - P s ) _ AP 

Gain in weights of CaCl 2 , tubes p" p° 

ujjH jilSill J <2^J Oj»oJl a ifcj 

h i i~b Lfl »l—» 100 j 0* f'j* 18.2 jjj-j i_jjL>uJ! j^| j ; Jlio 

. j*_*92 »L*U (5 jL K i. I I JxJLaII oL5 LjKJI die . ^ 87 (jjlio 


The V.P. of H 2 0 

P° = 92 mm 

The V.P. of solns 

P g * 87 mm 

Weight of urea 

- 18.2 g 

Weight of water 

= 100 g 

M.W. of H 2 0 

= 18 


/. M 2 


^le J. O .. K (4) iljUl j (jijjjjulUj 
Wj 

P°-P s _ M 2 

p* w, w 2 

M, + M 2 

92-87 _5_ 18.2x18 

92 92 M 2 xlOO 

18.2x18x92 

= = 60.2 

5x100 


ojLi j_* ji! j_> 33.77 Lp jji Luj »lyi > , ■ >. .< ; JLw 

Jj O-jJl ,jLj jifi Laji jhuu »L jjS HJjSj »L yj Jj 100 j fij^ULuu j,Lt 

jjjJI J juaaJI (ji o_>j fj j . J LSJI jjJS v— i^Ul (jjj J^L>j ij^KIj <• Lj^CiJI 5jlj>- 


- 206 - 





I . 5.2731 HiP J Oj>j • fljjs- 0.0921 >21 1 *UU 

P c -P s _ Loss wt of water 
p 0 Gain in wt of CaCl 2 

. ijjUl) ji* (jf cuJjJlj (jj f j| 



5,2731 2 = 100xM 2 

0.0921 33.77x18 

M 2 = 342 


(jj 24 g <ol j] j.a>ij J>*w*J i>jj : JLw 

(C ]2 Hjo) Jj5U oj> oi > Ij! • £*>*)• t>* 75. 0g j JiUiiJI >Li 

. 154 

bJI 

4^itj i—i,! jll £>« 1000 g j o*jl> jap 

mole of Ci 2 H, 0 = x -^-=0.208 mol. 

75. Og 1 54 g 

. 2.53 °C/m iili <L 2 j 

At 0 = mKb = 0.208m x 2.53° C/m = 0.526°C. 

Jjlasdl i>jj 80. 1°C ij* d^>JI i>jjj 

= 80.1° C + 0.5° C = 80.6° C 
At f = mKf = 0.208m x (- 5. 12) c/m = - 1 .06°C 
.>«>■* i>jj IjJ .5.2°C i^jUH 6^>JI ■ ' « > » * <L>jJ 
5.5° C - 1.10°C 
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JjlUJI (5) 

(Kf— Kb) Jjl.A> iyt 3^-Jjj 4jub ^}S .u.»>'ill 4iulJ 4->jJ 


30 g j jt Lki* ji-*j ^L*j 4_>I31 0.30g 3jI 3L >ii33j JjJL>j j^>- : Jli* 
yj> L«i . <> 0.392°C 4 JLjU 4 , > 

■ v 1 ^ yjj 3 * 

UJI 

K b (CC1 4 ) = 5.02°C 

(j U -iit <ia5J ^lijjj 4 j»-jJ i> jL^^j 

At b = mK b ; 0.392°C = (0.502°C/m). 

.•. m = 0.078/m 


. CCI 4 (>• 1000 g j L.IHI v_j| jal! oUl j>JI jac j 1 * 0^1 
1000 c 

g.solute = x 0.300 solute = 10.0 g solute 

30g 

j—a >— ilj— * 10.0 gm ^ »*«> 4 (0.078/m) <_5 jJI ,ji L»jj 


g.solute = 1 mole solute x 


1 000 g solute 
0.0781 mole solute 


. 131 .->131 0.078/mole 

= 128 g. 


128 ja (^<>>4)1 ujjJI JbJbj 

Boiling point elevation J^LxaU jUUJI i>jj ^UjjI 

la— «~al l 1 ^jL» 4 jUJI 1 xiui &yXi UjJiC ®j(/> 4J*jJ jl* J3LJI yl ^jLall o* 

Uuli SjLjJa sjL» (j— • 4, . L .« » <-&*£ ijSz JiLJI Uolcj . 

Bjlj ><11 ijJ 4_>jjJI fjtkj JulS ^iill JiUJ taa.rtll (j» JSlj J^l >>U ,1a A. All j iliiol 
I yli (JjlivjJI la« .< al | j jljjjLibj .. ClJjJIj foy U yj jA US’ 

<3>jj jjiJIj . Ixi-aJI (jj <L>j.JI <j-ij oic (jiUI JiLJI yj Sjl^> <4>jJ oi£ 

(jl jlali 4->jJ j ^UUj'ib 4-jli h« .« a (_5 1 JjlC ^yull 4_^31 Ij Jj' -V « li (jljlAJI JaU3 

y 4 i ...IJ 4 _jlj 31I 4_a j .l l) ,) «'!■* s3a J^l.vjJI £,ljLe ^Lijj! 4_>jJj . Jjl >«U 
<jl 4 V I3J! 4 jajjlal 44a >11 JJUkaJI j J3*ll U~i«~ “1 (jSJj 4 J3LJI j 4_y31l 

." vy3ll £* J-cbjj! ji 4^» >~ j jl ^ 4ji 
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yA L*S (jl jUll ck2j j flijj'il !j jJ j 

(AB), (CD) ol| i*i . >j . l I . (3) JiiJI j ij±ii 

(^iil) I Jjl JJ (_SjLi>o)l JajuoJl (jlJua,; 

L*Jyj . JjlJLo . JljjJI (jic 

ol >jj J—f J ic Jj.i.a- nil (_Sjl_>oJI JxjuaJl 

<jt — 9 lj— f!j . ^-xjIII CM J-Jf u J-& Sjlj_»Jl 
Sjlj— >JI Jjli* (_SjL>vJI iuLoJI ( JL >u< 

. u ^jJJ (_SjL>uJI . k iL c JI JJL*I cI5 ^2,; 

v-jyilf (jl tJli t-k2i! 

JxjLcJ! (jl cJji><jJlj 

L*5 P° L -JL o U l^jLu U^J (_ 5 jl>oJl 

0_JS3j » T° SJ^JI J.UI P° luLiJI Jl vyiil oi (3) JSLiJI <> ■&>* 
, P° (j-ub Jl (jl JjiJ T ^j]pl Oj lj»> d-f'jJ JuP (jl 

t L i , Al l i _yjju -UP <-jyilf (jJ ^jicl •M' (j^ (jl cljisMJI JLjJIj_) 

(j-SL»^ Sj^JsJI o j— » ATb — T — T° jy^uU yljAJI Ofcjj j ^lijj^l j j^iJI ijj&ij 

. LAjJ I ZjI 111 3jlJ> j,iaJI JJL>«jJI ^Jp 1 ^jj.ila* 

JJjlju cJj-x Bjj&jjj J jl>vJ3 (jljAJI *->jJ j ^Uij'il (jjj jl2ii*!lj 

(G ikiillj .(3) JfLiJI (jj 2 jyjil uijjJaJI jjp oJjJlj l (j-vjjj^ ~ 0 . 5 j*^> 
: iijUlb IJxnj <ji (ji*^ U 4 JH J5) JjJouJJ (JjIpnJI k «. Al l ^Jp <jUi5 F 
k r AH»_ (T-T*) " ’ _ 5 

P s R TT° 



Temporiture-* 

Fig. J. Bon (si point iltvilloa 
dM 10 (OtuMt. 


Jl JjjL»J (5) XJjlnil (jli IjJfc i_22jv» J^ I . » xJI lj> (jl j}j 



AHvAT b 

R(T°) 2 


-6 


Ps. 

p° 


JSLiJI lifj (j^4~> oJjjlj (jyli U2al» 

= X, = (1-X 2 ) -7 
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( 5 ) 

(6) JJjUII ^jucj j t t ijjill Jjll j.n^'l (X 2 ) (ji >lij> 

In(l-X 2 ) =---- V - ^ - -8 

R(T") 2 

JjUII U-JbUjJI 3 JS} 5_yi-o (X 2 ) ljL> >_<< >>« iJ^Lk«J 4jujjJIj« 

^3* J-o>oJ (8) JJjUII j In (1 — X 2 ) (— X 2 ) J jjuLJ . (X 2 ) 

AHvATu 


<dicj ATb 


R(T 0 ) 2 
_ R(T 8 ) 2 


. (jl^LUl <i»2j 3 jjixuj SJjUII oja 

(j-A jjju i_jj— I lull O-jjJ 3 3^“*^ j <3*® ii^ky 

: (ji (if 100 3 v^j-* 3 >*) <ji (m) Cj^j 3 _jib 


nj+m nj 


I j-fjj (rij) £-* iylillj LfJltAj o (m) li> 33^*1) <ju4<jlb 4 ,Jaj 

ATb - ( 52^.1 m 

; Sj^sJI oja ^Jla 4Julj£ (j SL*y <3 j1j (jjSi yyiJI (J^lj ft*)! 3^ v r*i^ L * i5^ 1AI 

Kb .„ 

AHv n T 

(j^SJ (10) JJjUIIj 

AT b = K P m -12 

(or ebullioscopic . J^jJI <jljU3l 3J»LJ cuL* lS »~2 (Kb) 

constant) 

0j_*iLj Ji»l 3 j 3. » J (i'j (jVjJ-iJf 4ja2jj {lijj'il (jl (12) <UjLuU Uuly 

3 13 Ch* Jj-t J — >tj Jjfjj jlc 4 jL uijJU (ATb 3C m) JjUui) <3'bljlf £» 

• VS|j-* (> ftp- 

: pb^sJf (jj »Ui) (Kb) ux^>l ; 3Lw 
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R = 8.3 14 JK" 1 mol' 1 , T° = 373.2 K, AH v = 40610, Jmole" 1 of water 

1° 00 . , 

ni = = moles of water 

18.02 

XT R(T°) 2 8. 314(373. 2) 2 

Now Kb = — - — — = — - 

AHvn, 40610x1000/18.02 


= 0.513 K mol 1 kg 1 of solvent 

(Kb) o' 

= 0.52 K mol" 1 kg" 1 of solvent 


Solvent 


Kb-obse 

Kb-Calc. 

Acetone 

56.5 

1.72 

1.73 

Acetic acid 

118.1 

3.14 

3.13 

Benzene 

80.1 

2.57 

2.61 

CC1 4 

76.8 

5.00 

5.02 

Chloroform 

61.2 

3.88 

3.85 

Ethanol 

78.4 

1.19 

1.19 

Ethyl ether 

34.6 

2.11 

2.16 

Methanol 

64.7 

0.80 

0.83 

Water 

100 

0.52 

0.51 


i>LUJI 4jaSj j jjjJI uL> 

<ji <j£yj (jlilill daU j yj CAh 

0 >SJ c-yil (Wi g) j M 2 Ojj 4) (W 2 g) (iji ** (m) 

*W 2 x lOOO 

m * — 2 -13 

m 2 W, 

j (13) * !jL«II J jju L ^j I j #J qI jlil l <J L 2 j J ^Uuj^l (ATb) jl jJ 

: (12) 

( 1000 Wi) 

AT b = K P — -14 

l M 2 W,) 

. _ (M 2 ) J ^1 (14) iljUil j ^211 i**yL** (>j 

CjUlill i>jj j £Uu jVI jjt — I 

Methods of determining the elevation of B.P. 

: L$Ju <Lij J jL**^ jjt 5 ac 
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i - Landsberger’s Method 
it - Cottrell’s Method 



§t» 4, k*Ur6( jwfet 

J^PUMtMk. 


> t 4 * > J» — 1 
JFT^SfST" "*** * *- 

J<j*>£ i*4> - 2 

: 

3 — ^jp* OuycJi ojjt, 

f Jrn» ^is Jl ^Us^t 

tyJW, 

Oh* y.$^f f (^) 

^1 ^L>Jt tin* qM* djt^ “" 1 

yi jl — 2 . w^I 

s L o -s l « ?^ux<i Ljjj i^y^y 

5^)4 &y&Il V'Mb 

fO.Ol yi* rj±* 



%*?*&& 

t% J- C«U*1t*» VoiBaf 
potrst tp^watM. 


4m j#-a£ jjj 8 jl^SetK* LfJ^Lp ^ f-Uilb ijjy* 
wfoL-J* jL--.W>ti ,0-^ j^X! ! ^MujtSl , usL>3tlf 

i _ i ■'■ ■ ) i tjkwA * Vm ii' t m>n^ il I 

L*^flj "3 , JyJU* yljU-ii 1 

(^* t...»i « ij l jUfcjJ) M.& £? 4 jii»l»!JI yjbJiS 

U t J yJj <. tfc i lttj 1 £yj •CjJ^'jJl (jrf <jyL»vH 

SjjJwil £_i»> yl^UJi i>j,».ri 3^U»- 

, ^Utij <$** <L»jUktl 

: 43^1 

y*^ jofa* jW^ f 4 ^ iJo^^ (1^15) 

yfflnlfrslt! 4 4>t,.,rt;i? £*S»J} wjj (5) (j£w- ^yull i->jsJ 

^jlr 9 *^ ^j 3 i^l Vj-> -Wj? y* 

jl^>iii &j/&4 j y|ji BjljoJt j$) yU3f j}j< 


Ji«t jjH Mju*# J**3l . ije$ ilk*** SjL&j Vb 4 *t^ 6* 
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. 4_ mU I ^LilS! ^3-Jf 4j!_jL—#'i! J! J-^3 4aSjJI 

jJ—oill i_i__l£ll ^ — Le JiL-JI <_ tf — ,»*^ . ~ ^ .- i tl j jj-jjjjjjJJ tj r-i jiK J o u t SJI^K.-o^lj 

<i*-l <L.-< Ijj L.ijjall ij^ju OjS ^«-ru Jj^ll j ; 4jl.>J| ojjb JaPj 

(jli i_yjil (jl.jlg jlj»7x..*\ uj ." ^L M uL> » agg A l i a! I £►* 4_ta >o" jig 

L-i j-tj ^ jJl JJL-JU j £aaJI dM ^13 (j3JI jI><jJI £jsUi 

ijijj ^yiill JiLJI jj-g j jgjijJjill ^ItUI . fc i i -> u iibjJaJI sift j jL, (Jgll* 

j SjUI y_» 4-JJ.iT £—0^3 u"^[) • 4_kjj ijj ^Zill Jjl—JJ ijuljJI OjljggJI 4gf-jJ 

I jij j»j (jg>wuJI jjj-agj viljgj 1.1,1 juil (jLjlLill i>.jj (_)^li>o! ^yig Jamj ^1 L-jyjll 

. 1 J_jLvjJI (jljlc igj-jJ LiO 

4—1 uL j Li. l l 4_>jJ j ^LaJj^I lUjLj 4iuuj . 80.1 jig (jj^juJI ■ Jli* 

. Uj^juJI jl>J 0jlj>JI <-JUA>l . 2.627 


m 

AHv 


353.1 = 273.00 + 80.1 = ,x>LJI oU* '^j-> 
. 1 J y 1 8.31 = R kiutJ) 

. ujjJuL ^\j> LJ Jy 2.627 = Kb 

i 

•moles of benzene 


= R(T°) 2 _ 8.31x(353.1) 2 
K b n } 2.627x1000/78 

= 30.763 J. mole -1 


0.402 jIjJuj oj(j j- 5 50) uj-jjS3! j — • '3^** 

4Lij ogli l-la> 1 . (128 *jjj) ujJllib 0.5126 iiLaJ jig *■ - * j .^ 

• Ciy.^ 

UJI 
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(a; 


flyr 50 = (Wi) ojo* 31 £>|j ojj 
0.5126 = (W 2 ) yoJliijJI 
128 = (M 2 ) yjJliiji) oj^ 

'j+s 0.402 — (jUlill <ia2J j 
The ebullioscopic constant of CCI4 is given by 

Kb 

1000 w., 


0,402 50x120 

1000 0.5126 


= 5.02 k mol ! kg 1 of solvent 


L-i — tj-l , 500 j J-, L u u Ul | (jilji 0.15 i-jyji : Jli* 

. 2.53 = Kb <jl 

UJI 

iSiUJI 4JJI (jjt 4j»U j <L>jJ t— JU*> u 

AT b = K b m 

0.15x1000 

(JAW JU m = — = 0.3 

AT =2.30x0.3 = 0.759 

yji 5.5 oWWf <t£J) ; *J1^ 

.(0.51 *UJJ Kb) <jL Lie »U 100 j ou^jj Ijl jjjfLJI 


OljUH <l*2j j jjic J-ft>o ifoliJI oja ^lj.>blob 

I Q OOK b W^ 

M 2 Wj 

, — , 1000x0.51x5.5 n „ 0 „ 0 ^ 

ATb = = 0.082 C 

342x100 

Therefore the normal boiling point of soln = 100 + 0.082 = I00.082°C. 
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ttfgjjg) 

Joxill <Umj j 

Depression of freezing point of solution 

. JjL>vjJI (jj J-oi-ijJj i — i Loj^ «_>,« jdl IjjjJ 3Jujm OjIjA- 3j>jjJ JjL*u J^41 LjjJlC 

. JjJbsdJ J, « »*H 4_kuU >.■ '.nil i-j ^j*li jLaL>*j| 3J»2j Jul ftj 

o-ejll £_* oljJl i-JL> j Ujul£ BjIjaJI L^t J ^l.x«U yoli>o“il 

j - l a j * »*!.» f 

3 — >jj (j_4 J_sl 5jly_> 3_>jj 
_ja 1*5 ^ill 5jlj>- 
jlf— JjJ 1^ (6) J5ntJl 

| fc i*»yJ I y— • 4 _LuuJ| * ' j' » i . ii^J f 
. OjIjAhJIj J a ju c JJ ^jl^jJI 

j»~. ..ojJI j (AB) ^ — i»jil 

(j-ia^l* o*-H 

L^i) (CD) * 

. o^jil i D I JiLJJ tSjlioJi 
jj-ajJI 1— j j*li 4jaJu JjlC 

j jJ* t ...II ^Ja» «*j uj u Lc JI yLi 

^iJlj <LujJI OJA jlcj . (JjLiuJI ki.All 4->jJ yuij OJ^JI y*ij j i.t $ lj . (j\y\ 3JL> 

y^_jj j_» L*5 (JjLiuJI JaJLcJI 1 >^J jil JJL.JI ^La — >j <_jJLdJt ^k^JI IajJlC 

<, (CD), (AB) pi, j*U ^>UjJI <L2j i jj> xJaZJJI oja j ^ijJI ^->yJI j (B) <JL2Ji!Li 

o^j* j (_jI j* ijljJ jJlCj . T° jjjJb <-yjj JiLdJ OjJalilf j*>uJI <JaZ J L t u u 
T° jJLc yljJ*ilj (6) JSLi ^^JuJI o^ill Jil — Jl y* Jil (3 jL>oJI ki-aJI yli 
Jj_Lk»JI y^J 0*iL> y-» (Jy_>l 0 Jl^J> jbfcJ jlyZjuol ^JC <J 

jjJLiJ! wu^jil Jj_wi £jl j L*ilj (FG) ^ VWU l yli >iiJj jjlcj . ^ySJJ I oLdJI 
i_>jj oySj Logic F 4-USiJl julc O i >»* (AB, FG) o Li ^ i lll yjj ^iMlII <k2Jj 
T j i>l <- k u j>l_! <Jli (jii v_j^ j* j ojUU i^ljj (jl <>* Uo . T° y* Jil BjIjaJI 

: i j» J^i >1*11 J*>oJl <Ja*j j jSjj . T° y* Jil lofj l*ilj 
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ATf = T 0 - T 

OU>dt J^UkjJJ J llUj . J y±>.jl I 4 »J L ^jlc XtJM t ATf 

CuU . ujIAJI l L iti V ATf jli jj J 4 iIX> vj obljJ 

. oljujuis jj-Lc j v—yjil ^jic ■> <~u> L > oljjS'jjJI ei^J LuJ I 

(jl tj K n j Ij-fji jt>0 (jjL>oJI La. A ll (^Lj ^lc (^Uiiyi (E, D) <^li L»j*£j 

• ~ SJjL*aj 4Ljl»j4 

ln ± . gyi =n 

P* RT'T 

^jJLc (jLajIj F, B LLSJJt (jf ii^>j . ^yLiil >—n j*11 jjjioilJI Ejlj^- . AT V vijj^ 

: iS^Ull (jL^La^ ^Lj 

Inf-]- AH,(T-T‘) 
iPj RT’T 

JJjUII (yjt (16) iljUIl j t.j Lrtl . l jjjLaJI bj\j> AT S 

(15) 

AH v (T-T°) AH s (T-T°) 


(In P - In P°) - ( In P - In P s ) 


RT'T 


RT°T 


P s _ ~(AH S -AH V )(T-T°) 


RT'T 


In — = 

l r) 


- AH f x AT f 
RT'T 


JJLkJJ ijjl>oJ! L«.a1I J_j3l>«aU I Li-cJI HiMJlLjjj (18) iJjUil 
: <^li ^^Lc JjL^ uiljjlj 0_jjL5 y! llA^Sil . T 5jl j>- 4j*jj -Ac ^SJJI 

= X, = 1-X 2 
P" 
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J^*B(5) 

j j t_j|jwllj >, * i t i . > t ll j.. 1 1 l_*A (X[, X 2 ) (jl kiu_> 

(18) <bUil 


In (1 - X 2 ) = 


- AH f x AT f 
RT“T 


. In ( 1- Xi) — X 2 (jli l.i» JjJ. * . J 1 L#ju*pj 

. (T°T = (T 0 ) 2 6 li^ 


-X 2 =- 


AH f x AT f 


AT, = SE 


(jjj J_^ll <>• J_>ib yjSjSJI i> * o* 

«, .(*S±) a 

t AH f ni J 

. , . mm 

.1 jjJJI j i-jljil JJufi ,4-* (ni) £ X2 £>' 1S 1 

nj + m nj 

• fly? 1000 


ATf = K f m 

DT' 2 

= ou ! >j (Kf) >!< ( !.> “22 

AH f nj 

(Kryos-cold), .L.I (1 1) ijjWI ouij (22) ibl*II oi» 

^1 itJuJI" I^jL iJyjj . -u^oJI j yiUWJll is-tj (Cryoscopy) 

. v-jyij Cf* {^j 3 ? ^ 1 j i_ (Ijj (>• Jyt 1 3jljf -u* 

: iju'il >^231 «-Ul! Kf >—!.*>) : JLw 
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JjlUJ (5) 

R = 8.314 jk" 1 mole" 1 , T 0 = 273.2 k, AT f = 333.51 jk' 1 g" 1 

1000 , 

ni = moles 

18.02 


8.31(273.2)'* 

(333.51)(18.02)- 


(22) j 

= 1.859 K mole" 1 Kg" 1 H 2 0 


18.02 

oLj jll \jiud cuUj S^jUJI 


JUJKjJI «L> jJ (11) Jjd> 


Solvent 


Kf 

Acetic acid 

16.70 

3.90 

Benzene 

5.50 

5.12 

Bromofrom 

7.80 

14.40 

Camphor 

178.40 

37.70 

Cyclohexane 

6.50 

20.00 

Naphthalene 

80.20 

| 

6.90 

Water 

0.00 

1.86 


JaJfcjJI 4ja2j j Ja 0 u>Lt> 

j pj Li £_» jj—ifT X> Jl Aaij J (^LLio'il wL» 

(13) <UjIm (j_» J^-U.n (m) <i^2JI J Jljuo-i'ilj . yl^LOl aJoSj J 

. (22) 5JjUI! J* 


AT f = K f 


1000 w 2 

W! M 2 


M, -Kciisse^i 
l AT f M 2 J 

pill <ij Ai <>W2, Wi, ATf, Kf yL> cAh (M2)(_ji<>>Jt cujJI 
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- , <■ 

J^(S) 

bJUfr .u.> D I <L» jj j <]olj jL>j| 

Experimental determination of the freezing point 

Beckmann, method oU5Lu Zbjb 
iji—y l»5 (jl > < > . 1 )1 IbuU J (yeliiu^l jL*^ 

Jl— J jjjuL jjj* >» ><ll[ <Ua2jJ 4^1 l>-Ij ijjjjl — 1 : (> (jj&jj (7) JiLiJU 

4 ;» —2 . dlixj jU£jj jjj^S Lfj o uu Uj t_»|jll 

. Jit JJ Jjjm 4Jl».|jJI 

i-^o. Uljk-. i j\ <jji L>j - 3 j 

j _ jj4j u^jjubU i3_y>si c$ -in (C) 

. <..il2«,i) 

C>* p(yr 20 — 15 <LyKill 
L*£ *JL>-ljJI j Ujjyjll 

sU'il £ oy ( 7 ) JSL-SJI j yi— JJ J— » 

. u> »>] I <da 2 J JU 'ijl . iwJ^jil j jj+3 ^jjjijJlj 
Ojju) <dxj|jj SjJtLj L^liC t^jjll 

*\j — >■! . wlijJ j-*il j jjl»uJI 

j»-} t 5 j_>l S^j vmill jLi ; ijyKjJI 
> — j_— pj jy-tl j ®y IojjuSi £Jj5 

y_P Ivjol v-JLj j j JJ 4 -aLoJI Ojlil J—eil daij JjS AjJKjJI O-jJ j yji-dl 

. JiUI 

S^j v_j_^ji! y-oj^l jlf>J I (jj ‘OyjSl LjuLi JjLj-jJI ■ > « > . * <L»yj 

i jj_> i,i j> >— jJi^ ^_i u-illil j-* 0.2 — 0. 1 y <^ic i_»Ley pi 

, Jj-Lauil j »><*>) I <L>jj j Ioju (jMlj , T ijjjj'Jt J^b Lol>0U Jj1-»jJI 
, JjLkJJ O^^eJl 4ia2j}| Jl Jj^ji) oljj 0.1C <Oy>uJI Ojlcbj 


•ICKMANN 

in* 


eom*tl»KB 

STIMtt* 



/MUlM 
POINT 'TU»« 

ourcn own 

TUB* 

PNCUINO 

MIXTVMf 


p||' 7. Backm*nn*t appiratu* 


20 j o-^ji (46 = ^Ji^j*JI <Jjj) ^ lA l Jj— >& (> ^ j> 0.0874 : JLla 
CjuU t_J— k>] . »l*D ><>.111 <ia2j J CJ Itfjj+i 0.177 Sjjj (_voU>u| £*jlj *U (jj 

, >«><lll <L>jJ J (yaUiu'ill 
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( 5 ) 


Wt of Ethyl alcohol W 2 = 0.0874(g) 

Wt of water Wi =20 (g) 

M. wt of ethyl alcohol M 2 = 46 

Freezing point depression (ATf) = 0. 1 77 k 

. A T fM 2 W, 

The cryoscopic constant is given by Kf = — 4 — - 

1000 W 2 

0.177x46x20 


1000x0.0874 


1.86 


4—^jJ v_i yO-l . 1000 j (j^lliiuJI y J (Jyt 0.20 1—ujl ji : 

, 5.12 yijjuJJ (Kf) yl ,U>~'il j 
m =0.2 , K f = 5.12 

ATf = Kf m 

= 5.12x0.12= 1.024 K 

■I . t >ol I i_»jj 0X>J 1*5 *U ^1 \j!f 100 j j_j5jl> y* 3.6 vsjii y : Jli# 

(1.86 *l*U Kf) jl i^L> (jjyJI . oy^Jj^s 0.372 

Wt of glucose W 2 = 3.6(g) 

Wt of water Wi = 1000(g) 

Freezing point depression Tf = 0.372 K 

Cryoscopic constant Kf =1.86 


The molecular weight of glucose 


M 2 



AT f Wj 


1000x1.86x3.6 

= 180 

0.372x100 


Abnormal Molcular Weights (5ilfiJl) byJ\ jup 
j ijlj'ilb j£-X i! ^ wlj-*l! J 5 . t > l l ,j| oijj jJL! <2jUI y* 

J tfjuljj J-lfi < L tujjfc yljjl (jl Ja_>y ji) 4^>UJI yicj .i_j^jil 

(jljj'il yjl—tu -oljll SjUU (jjyi bjL*> ‘ . ■■•*■* _ja 1*5 ~<ty» ^hx* 
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t>. «.<MI j Li-VJ “j I ijj iZjLJI j Lulj j£J . iLLJ! jjLJLi ojl*Jt 

jJ&ji V-lj" L<jl *hlj j ji ihl’i j jl (_Sjl>oJI 


: 6 U li^Jj jiyi 

AP oc X2 (mole fraction of solute) 

AP oc n2 (number of solute particles or molecular in solution) 
nd similarly ATb oc n2 
ATf oc n2 

Hence the moleculr weight of solute oc — x — — x — — 

AP AT b AT f 

Now molecular weight of solute x — 

n 2 

j JJ-£ jjj-Jt j ^*. -* 1 * jl ClSiu (jl If! ^jlJI ojUI |jj 

. Ojyhrf t-ijtC villi! tSJljJl j-tJI £>c JjL»*JI 

observed Mol wt Normal no of soluteparticles 

Normal Mol wt No of soluteparticlesafter diss or association 


Dissociation £* ilSilll lLa j>b jlj-> 

j-'wj . (Jil — Jl j jJlP CjUj^I ^ h u ’ i jjJI (jl jl_jll Jl» 
jSS'l jIj ys oUyQI jac o|i Jili! . jl iiiti j! by ,»! 2 cSj^ 

. (jjUl b* 


»L* b~* 100 j b-* ftj— > 1.0 : JIjw 

. (1 .86 »UJ Kf) vilfuull <>jJ >■ i.» > l . 0.604 yiiiJ! 

WtofNaCl = W 2 = 1.0 g 

WtofH 2 0 = Wi = 100 g 

Freesing point depression ATf = .0604 K 

JW „ r 100 K f W 2 1000x1.86x1 

Observed M. Wt = — ^ = = 30.8 

^ AT f Wj 0.604x100 
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Normal of M. Wt of NaCl = 58.5 


o_* Jj_» x^\ji ji >i i ^a-ii t) vii5i«iii <->jj (X) ,ji y 

: JI sl l & v 

NaCl > Na + + Cl" 

(1-X) X + X 

J_jL>v*JI j ^4 jkJI Ijf 

(1-X) + X + X=1 + X 

58.5 1 — X lilixJi a» objjJri jap ojyi 

30.7 1 JJuil J V IUJ cAA.jJrf JAP ApLAll^.^t djj)\ 

58.5 , — 

• X _ l =0.892 

30.7 

. y.89.2 <L l-uj .i K « ~ ^ A,; j^lS” IjI 

23 j »l l ^^jLJI 0.815 tSjA»^ J^l>u : Jlia 

CAJ I JAP ^ , iZJ j L fj j+l 0.252 UjIaAj (jlJLiJ! 4jaij J £-Ujjl ^upij ill £yt 
.(0.51 tUJ Kb) j ilkStijll A^yS (jj ilsj^ ol.il Jap ijyiill 

Wt of Ba CI 2 W 2 = 0.815 g 

Wt of Water Wi = 23 g 

B.P. of elevation ATb = 0.252 K 

The observed Normal of BaCl 2 anhyd. M 2 

1000K b xW, 1000x0.15x0.815 

= = = 71.71 

AK t xWj 0.25x23 

Where the normal M wt of BaCl 2 = 208 

-a*; >‘ K j.ll I iljLu (jj 

BaCl 2 >B& + + MCI" 

1 - x x 2x 

J_y*aJI j olij^U ^1 ^apkJI 
(1 - X ) + X + 2X = 1 + 2X 
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J^( 5) 


208 

71.71 


1 + 2X 
1 


iLiL-Jl »l .> »>*. ,ib 

= 2.90 or 3.0 ions 


Association St* £**aJI ii*> l>b Jy 

^Lcj »■><. * (^jlaAjJ oL^jil j ole 4^j«eu*JI ■»lj« (JAK) 

(jjjjJI <>• OjjM dlljJj . JiLil j <^y*JI oljj^Sl joe J25 4Jj 

• lSjIaJI ^j^Jl 


(j_* ^lj_>- 20 j < i l|il* > l l um> (>< 0.583 J_jl->v» : Jll^ 

(_)A >,>») ^ ,»>uH 3_>jJ l_JL-*L»! . ‘~‘J|) ‘jfl* 1 .254 ikij J yklJL*Jt ( jt»« L ll 

• (5.12 o<)l»U K() j 
Wt of CH3COOH = W 2 = 0.583 g 

Wt of Benzene = Wi =20.0g 


Freesing point depression ATf = 1 .254 K 

Observed M. Wt of ACOH 

= lOOOKf xW 2 = 1000x5.12x0,583 
2 AK f x Wj 20x1.254 


Normal M. Wt of ACOH = 60 (CH 3 COOH) 
CH 3 COOH > */2 CH 3 COOH 


(1-X) + 1 /2X= 1- - 
2 

60 = l-x /2 
119 1 

.'. x = 0.991 

. 99.1 y. <a.j i) 41^11 »\ > fjj 
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i (5) i 

Osmosis and Osmotic pressure j iubiJIj 

k-a^ill yl JjuA’^UI !JJ <Jli . jUJ vLi>' 4ix- »l y ^jZj t ■ 1,1 j » (jj J^l Xi J -ob Luic 

jjjib 4_a,j jail ^>.,< L ) (.5 jJI tl. f i il lj.(J jL» .aJl Jl J^a^UiH J^L>. ijjjAj (jl (J^aj ^JLJI 

3j 1 jl>-.4 jl jjj .jib OiJI aLlutlL lJjJSjLj yij v 1iali ^«..«,» ‘ij aJ^L> 34 

L^jlilj L_ 4 |ill 3 ! Jj*J Luli 4 jib Oui (LiyC la $buta jj£ (jjlyttkt jjSJjJl 

Jjjlc _}L«b ji$y Jl Jl j^y Jy^-all (>» «-Liill 

(Greek-Osmosis) (Osmos = a push) ^jliilb S^LfeJI 6j* ^Jyu alb»Jl ^L*. 
j j-jJxli «-La»JI , (Abbe Nollet) (1784 ^l) *la~*\y obtuSI tsjJlj 

.tfc'jl Ja .Vi 0 jLfij O — ±JI { jJxaj\ . t-jyjil A Hjjb ^jic J^jlijJI Ojj»o 

^Jl> u — .. all jjA-Sl . j^jUl oljjj jl j ^lJU l 34 <2jjJI £j|jA!lj 5 ,u(j£»JI 

O,}!^/*- yljj* I— fl (_j 4-M oLlial! 3 &J . ^jJiaII olyill j SjJaSJI Oj^aJI 
xji> (j-* j— >_jj ^jlJl < 3-4 SjLii oiJI oAe^ll (J-ojI (jli «-b j of ji 4 5JL15 

J,uu (^UkJJI ob^4 (3-4 tS-jJ I_J CU 2 [Fe(CN) 6 ] (^»l»JJI JluI^-j 

. K4[Fe(CN)6] 

^-,|,4, » - j>J_ JLb pLc J_ib 0—4 aLitC 1l bl j£jju (jl l ijb y>j (j£Jj 

. 6 jl^>JI OjL>jJ J£ JulC 4^Jl4ju oJkjl jl okJ'il 


Free Energy Difference 5 ^*)l «i3UJI jj 

(3_Sl* 1I (3-4 LS^ulj^J^yi (JjJ LUli (j-» 1) (J_)_> hiJaj OjIjA- OVjJ (ji jJLp 
O^' jyi 6j_»j| <L3UaJl (3^ 4 4j. .tig Si Igulilj JjJl>j J 1 Jl 4_i^jil JlUjJ J_>- 

Ij^Jj . JjL»< 4JI j 4— yial! <^bj-»JI SjaJI iilUl (34 ^>4^1 Oj& 

• Jl Jj-O^JI (_yi> J4JU <4^ 4-l^jII (3^® 

: J4J La^i <^j^ll 4 _JjL>JJI 4ja _| yj <^jj4— <^fl jl BjA\Joj 

(JjLai# jL>J aUj (3* BjIjlC (8) (JiiJI j <Jlu 4 O JAoLtil Bj^jv'ill : (1) 4jjJ>vJ 
l^j -^>yi sjIj— JIj 4-juaill jSb 34 ’/.l J_ji>%aj *jia4 (_^>L»oJI 34 

(j y^LSJ! (j*. tij 3^b *41 JjJL>aJ (jjL»JI yal^JI j aI^Ij ii^jb 4,L>L>j o^xil 

O— Jl tL-ill J3L>- alall jLluu'illj JJjaCo I 4 J cbjAo , jbuLa ‘b O fjJS 

^l_»l OJ S Jjy iL^jkll OjjJ'Jl j J^]->-4JI ^b3jl (Jjj-u j j^JaJ (J_ji—4 Jl J-aJ jib 
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J**~S(5) 


P ICMIWM 1 AKC 
MCMftftAKC 


mm 


^ l n l 'i ,.»ljjj^JI L ji- fl JI yls yljj'il Jl Jj~ejJI JjlCj 
jL^jJI jj y (jl »Jl£ JS'tfl Jjl. » <.»JI JjijJ 
h i.nll IjJ . Jj i I >«!l Jl »!-.* ill JM3- hj.j,ull 

A__,jjliUI 4 jiltHill 4la__*ljj ^jLUl cy S^>LLjj J J i< JI 

. Jy •>■ « n i aA-flJL 


MlWm 


tMiFERMtASn 

UCM 0 KANC 


L ^ggjE !: “■* AT '" i 6^1 jU-^l : (2) 0** 3 

r f s ja, 7.j. r -^.T;> yij- yK i a Li J| 4.< „ „S.t <tj* <j* U^H (jjHj (9) 

Fig. 8 . Demonstration of osmosis I ;._■ ! ,\ j ^ vSi ^ .;l ij J;- ., 

•I it Jj j-i j_A Li5 jUull 4 1 .* tLiiJI (S.W) 

Jy |j^ 4j y«l»JI *j > Jl j *li £«oj JJLMj . P , P JaiLoj 

S W j wIj-au L_>Mj 4_Jli Jj !■>» jA-5ll 

soiortoN Witt*. P' Lil^u (P) ^Jlc £_iljJI J»*LaJI 

^ OijJj . (^,MI) .Ul ^ > J* U JiJ3 

MtM 0 l|ANt I v »i >> I • I • A« • <t| 

^ C>^ J-jW aKpUmO v:.*. > >. » t *LJ1 jjj-* 

jj—JLc ^uiljJI JxJLoJI Jj^II jjJlc v t i ,j . > »,> JjJL»<iJI 
. hi. nil I^jLaj jl JjL>JI Jl ilil jljj jjji ^l£i JjLxJI 

Lm C j l >3 tlj^Jl ilowilji y j L n iii k-^jllj JjLiviJI *jj3?5l I OJA j I (3) 4j j>vj 

jJL^I t.i.,;.uD (Jj LLil l ix i- oJ I (10) Jfx£ J>J-»x4 

w <jj_Sj ® ^kLfcJI a j » . J jl , > .,« ! ) (jjl»JI l \ L f ». l l (y 

vajoon 'V I ^-1 «H »|j_a — Jj 1 >.1 lla di|> 5^ jliill iliLxi 

'x'\ i^jji— .^1 j yljjftll vi»Jayj jili <Jui Jaj^ 

i z- — : - - JaLnlJ l^jLfcj JjUuU (JjLisJI Ixi-flJI yj5^ liJuA 

3 J.'h* Ja < I jj i£jJ>3 i jl iii l l DXfJ tliD (JjlioJI 

•OLUriON SOLVtWT ...... . ,. , ..." „ 

Pig. JO LiLsjj Dj»L&JI OJA . -U.-ll JL£. ^>jL>J| ix»-nJI 

(J jUuJI h ni.All . (Jjjj— .'ll JaLalJ j>-\ Jl 

h-i..All (j-4 J^j3 4-Ja 3-ila^ yl >.)->«i! jiiJI jiljJI lx* Al l j» JjbxiU (JjLiJI) 

. ■ t ■;*»«!! ^SjUJI hLrtJJ l^jLki Jj l >>> U (JjLivjJI 


•OLlmow SOLVtMT 
FI*. 10 
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yj y yjJ (J jJI yjlkil k *. Al | j Bjyr 4 j1j (Jjy*— .Si La.aH i 

. t— l^jlly (Jy 1 . , K ».H yJJ J-oliJI jiill <Jui JjlA jl 


Isotonic Solutions yjyDI ojLuil jJL>*ll 

J y y_* y— *i! i— »y-< 4_^jllj 4 jii* <J-i »ldA ^Luvlyj yj yLv.« J_oi3y l»jic 

Jl M-oj !>■ (J jUjJI k *. Al l j JlSl JyJL»jJI Jl (jjlitfl) t^yy»— <Sl JaAAll j ^jIa^I 

<jli <jjlilll <±£i A+ifi'ji J jUv i 4 S yjyl„>,» x>-ji L*JoAy (jl^jf ill> 

. yjylll i^jLilil UL>JI OJA j 

Measurement of Osmotic pressure ( j jilijJI) JxA^JI y^LJ 

Berkeley & Hartley’s Method ^J 3 

4_,ulll JJ !,_ > ■«, 1 . 1 ((J jiLJuJI) JaAAJI ^yls <C*iLiJI oLdjill <1. ■»].■,< ph«.» 

(Morse) o»jy~* <• (Frazer) jylyj i (Pfeffer) yi^i <lx— lyj ». t > ^jj| 

jAdJI ^jic > J lyjLoi . y ji j d t* lyJ ^ic 

y«Lji) <L_4,) ji> lylA-jiy yjLJt 

. Jy l > .t U u5jyj^"ill JaAAll 
By$. >-^U py yil h i u ih Will 
^JjyL»y J 4lwlyj i«JiWid»il 

yy-Sjy . (11) J5u-i j y^JU yA US’ 
y-1* iSy- 1 *'* 4iyL>j »Lil i> yLf>JI 

J yj — W JI <j_» *l_dA 

Fl».u. Berkalty ud Hirtdy'i «pjwrit» Tor _.| ^ n . ^-t. .,\ u L‘! 

IBMiurUf otmotlc prewur*. £->' — <i> 1 f — >oli — 11 

ya—iSLiJ Jjj—tj 4_^yjyJI *j|y k .rf'jl 

. T OyjjSl JA-Ij *UI ^lA5yl lyZ^y t *USl j *111 £~°yi . y&y^J 

(jl (J-M *1—11 (jl 1> >MI . 4^>yl>JI 3jlyk-.Sl J 5—<lyjJf Cu kj JyL»jJI £~oyiy 
Ij-A T 4_jyjj jU fLtjj^l J y Aul Lj yJ_L» y_A US’ JyLxjJI Jl ol*ui]| yj y*^ 

J _Jy— » y- ‘ BOel _ <ii Jyl>vjJ| .LAlA <L-<lyj 4j^jUL» dll*,; Jjbull JsucAll 

jjLkll k AAJl . <.in)jiil>JI ijyjj'il J *LU iiLUl iJM^JI <Lu*lyj (j^JK yA Li5 . dUjJ 
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J^(S) 1 

3Jl» OjJNiJI 0 j_* j . <■>* jJ I JX ijiylll tjjill JjlxiJl iajLoll Ijj l-».t (jj5^ 

yLi £-» oylauil j^A2^ 'i i J^tfu oijrti 

. (J^ll j^kJI (jj ji£l J jLuJl JtuLall 

k_«.A,ll ylSj . j3J x>lj j 30 gin jjic : JHo 

y* l»i . 25°C ole Iv ». A 0,0167 yt Jjl>«*U 

Ull 

ojjjfjll (jjjjjjll cjMjII jap ojA ojti 3JjLw tljjOLilj 


0.0167 atm = 


0.0821 L.atm/k mol (298 k) 


= 6.83 x 10* 4 mol 

• o&iy (j* ojjjj-jII cjUIjaJI jap o> 


l»l oj^Jl = 1 mol protein 


3 O.Og protein 
6.83 xl0~ 4 mol 


= 4.39 x 10 4 g protein 


M.wt = 43900 


. 37° C 3 jl j>- ijy’jJ jap (JjIjJI t^«3*4iJ ^jl) ixi-aJI jj*>jI : vlkw 

. J_^L>vJl J dy 0.296 ^Lp y* liDLu <ilL^ ^jJI <jl jjapI jl 


K = MRT 


= 0.296 m/1 [0.0821 L. atm/k. mol] [310] 
= 7.53 atm. 
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Vant’s Hoff, theory of dilute Solution J-JLxait culi SjjJju 

Boyle-Vant’s Hoff law for Solutions JJlxll culi Jjyj jjjli - 1 

t-jljJll 'j^Sy jl JJlC Luvllj JmucJI <_i_,Lu^ 


Jj I ^ ->»> (V) t (C) JajLoJI — 11 £jl jli I jl C jyS jJb£ 

|jj 

7 i oc C <x — or p V = constant Sjl y*)\ o^J ai* -1 


Pressure-temperature for solutions 5 j\ jj>JI — 

£_» >-*— « Uuj jUj oJJ! iLiill ^le V IHI 

ixjL«JI t IjjU JJ» jl «_){ jkll OjUyJjv jjlC (ji jj ttlkll SjljjJI 

, 4a1IxII 8jI^>JI 4«> > jj ^ ( a 5'jy4M*i*<fl 

— = constant if V is constant -2 

T 

tiiljliJJ JjLi (jjjli < i.t,~ JJjlnil s jjk 


fa iw d J cJjA Culi 5JjLiua 

s— j— ^ J l<1I i5jL»o)I JaJLeJlj (u) (_5jj ». fa uj w JI y^j jlij.tl y&t^ 

. < ,) . < v I oljUStf'il (P s ) JjL>mJ3j (P°) 

RT , (?°) 

7t = In — -3 

V* P s 


. — (V) 

Ojjjlj yjjlj £JLU (_5 illj JjlUwJJ 4ju*I)ljj 


-*- = X, =1-X 2 

p* 


iljUIl j yi^yCJbj 

7tV° = - RT In (1 -X 2 ) 

(1 — X 2 ) = — X 2 £jli <Ui*wtl 4 juu)Uj 


- 228 - 




J^(S) 

... 71 V° = -RTX 2 = — = n 2 Since X, ~ ^ 2 - 

P° n. 


or 7t (V° ni ) = n 2 RT 

(_ 5 jL-o ^yLJIj uj|j_*U ( 112 ) i.gj 'ixH Ju l) ^>oJ1 (V° nj) <ji 

: uajJI (J^l.>i»ll V ^>ovii L.L.I 

7t V = n2 RT 


71 = CRT 


r UJ! oulii! - R t (C) £ 


180 4/ lijjju-'il ImJJI : JH 4 

jjSjLf Cy 4 Jj# "> j4 J jj* — jll R= 0,0821 j 17° 5jl j> i> jj jic 


. »l* 100 cm 3 j oj^jl 


1 80 (1 mole) will be present in volume 


180x100 


= 4500 cm 3 = 4.5 litres 


T= 17 + 273 = 290 K° 

RT 0.0821x290 _ _ _ 4 „, VXT -2 

7 c = — 5.29 atm = 536 KNm 

V 4.5 
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( 5 ) 

j * iiiJ 

u ^ • U^j^* 6^^ 3»jL*^ £* i»A*aJl ji&ui iofuJl ^Si — 1 

. If.. A i m J-<xiJI ^>5 l4^ ouS' pj 

^aL# . c-i^yJl £_* l. jx ^joj (jLxUJI L-tuj jIjjJ pl-jUil i_kij ^jl_>Jl* pl—feu ^ji — 2 

? tf UH l £>4 (>5 l 4^ ^ill ^uy*if 

jUuil JjL>wJl l-dau^ <3jl>oJI iauLdJl v— ySjj ^i»s44 ^4»jl " (jjllLJ Jljyil JjLasaJI jlj^4 ^aL — 3 

. 5j! J>JI O yjj JuS- 

. iiV^JU U^aLu »iljul>l £-oj t Jli±U jjiJI jaL — 4 

^jj( U)UH jiilj . i_ >1 It 4jIjI JUP (ijlioJi iauLAU ^uJj £P AJjmj U jSjI — 5 

. i-jIJuD uj,^ jL»^I Oj>J <J»4jl . v— »I31 Ij > ^ ^ 3 >1) Jl Oj^l l>* S* i>£*j 

jL_>^[ ^ isuLoJf j ^Uio'il p|j3vL-#l c£+i j^Al : cjJjJfj 0^13 Jjutl — 6 

, -ki-oJl j uiUkftl 4^1 jP ii^jL t_j.-f.jl . wIjlaU (jjjil 

^5 . ij/ljllj ^-jIjuU J^ll 5Jlj jujkIJI UjJu jj iaujj ifoUJI jZil — 7 

. oluil ojUJ (jjyi jLn/S ii^UJI »3 a 

4JjJ JjlxJl iuLaJ! OjJfcJ 4 (3j^4^Sl JmJJI jaU — 8 

0la>u^ JjL>wJI £>l *U £>* 37.2 j ojjjiSJ pljjfc- 1.5 ^1 p <3yi>^ — 9 

, KfH 2 0 = 1.86 £>| K± A£> pjJuJlUl J^jjlSJ £4>jJl 4->jJ WU«k>l . p°1.9 — JUP 

. p°27 £>p »UI j jjjiL* 7.5 Jji>wiJ J*a»aJI »->,.» >1 — 10 

jjill Cm j 1-35 tSjp^i J^l>^ — 1 1 

. i—jIJuU ^4jj->JI ja U$ . isyt i «ri>J ^°77.3 jup 
pl^-v ^4.4 j vs* ijjl 131 152 ^>*J! l^-Jjj 5 jL# £>-• 0.456 qI .^1*JI <Luu *■«..*»>{ — 12 

. IQ, = 1.72 yL Up . (^°56.3 oI^Ip i>-jj) 

_j_>- 20.29 ouL5 |>_j^j^JI 0.5 ^le J^L>*I h «« « ll - 13 

, 5jUJJ .iKtill c>-j j t, 1 .. 3 .I . p°18 ait 

(jj^JI i.» ..*•! . ^_> 5.1 JjLsJI kV.All ^ glijjl gjrfl *Li i>> Jj 100 ^ 5jU fly? 4 — 14 

. ojlll dliJ ^y»n 

. l L ilic 1 4 ijj»~ c£*i <-l i >5j (i) JjUII Jli-j'J i_iy> culi f .^L> yiU — 15 
3Jl> j 3UJI (jjLioJI j^LAJI j-J pj i J^L>^J tv i. Al l (j ^uul ljy?3 ^_yil — 16 

. p° 0.07 tjjj .)»•>■ 'ill iiuu ,j LiliiOl J"il_y 0.1 p^«lj>^JI Jj.il v i.<j^x» i>> J^Lao v. — 17 

(jLj I ,«U ■> *»o)l 3 LLJU .i ifi Jj I >■ all I j ^J J^jUiJI JjLjwj (i) ijy j> cj 3L i ^Lu > . i.<»l 

.(KftO= 1.86) 
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( 6 ) — — — — 

Theromodynamics 

J-iy>3 (_^l— 1 1 £_oj (jail ^1*11 <jj ^£JI iDj y> : OjtjAJI IfLwljyjJI 

*• , j» LoII j_> I JSL i> JI JS -. t (j— » 4_9ltJI £^iJI Ija cljliji^ US' . ollJl 

p-#-* 35LtJI J j^illl iSj^l 4^>l5 fl^Til JSi] <^t L >«^SII oUlmJJ 

. 'J f i J_* J^LiaJI Ij-^J SjLS^U dJjSj J^USJI i&H D | y'Ji ^oy> jUj^J j 

4— «* »L,»J^iJt j JSL.Sj t Sjil^jjJI y,j_3lj5 pj_jL»JI 

: liwLujJI oLxIKaoIJ ol ajyu 

: KckbJI I j ^UajJI 

|j] . 4_2^Sj 4_ , u. > o k_jjl_>oj 1 ( *>.,< ju^j Ulb sjUil oli-aJI J ji ojliuaJI 

. ^IfcuJI Lf^Ic (jLla^ 1— IjL*oJI 6 jj> Jii j <k>^UI Cjl>J (p^kJI ji) Bjlil £>* »j>JI 

^LtuJI jib IfJ < jiu ll (u j£)\ jl) jl_jll J5 ja : Ko nbJI 
. jjx*JU 45 j)lj jj 2 JL> ji (j*Aj jU»U J-oij 0 ^ ji ^UauJI 

cjL!yja»JI «*.l 1) jj_e L» j_> JI p_-L>JI j SjLII oli-a : j»Usui) <Lu ^11 O bu n I I 
J-l* . ^-iJj-ll cuLi-oJU (^sJI. lH*J U— J-<— JI (> ‘ ».yJ«JI 

, pLfcui! J| k.jjSjlJlj BjIjaJIj pjjoJIj JaJuaJI 

4 BJ ■)■■>. 1 p-jkJ jb>Lj <(jli-a LS UjJLc y>j BJJ*>kjJI JJIaJI J ^ItaJI ; ^tjajj! <Ul> 

JLS*i! jLiJJ ( PV — nRT UL>JI boa Ji« . ^UlS ^UiJJI ji>j JliiLj 
<^J.\ < l^JI ^ <JUJI J\ UUJI UIj. jlill JjL- !>UIS 

i p, >■ ,>JI i Ja_JLaJI Jjj , "ijyoy ^UaJjf iJL> (jj$j UjuP L><-alj jl BJJ M IfJ 

• ‘ 4 liUJI 4 bjIjaJI 

*—» UlkJlj bjLII ij-» J-S ji~*4 ti j-!l ^Uxlll : iJjJaII 4 Jiiil 4 ^^Ldl ^UiuJI 

J_»J 4 J ^A»JI ij— o 4 ^LSJI jJ JjI .all Bjl J>- Ji* . ■~yjdl ^USuJl kill j y> i>|> .>«« ) l 
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£_• 3_51LJI j[ SjUI j jj. «.~,1 1 ^|jtvi "i |j_A 6—* J->-lj . L« ‘ii. > olajJI 
> (j_» J— >lj j— p jiill dJj ^JLp Ojjlp . Jjjj«il plteuJb «Lip jMJ j-ij.auJI 
APj-e jll SjUI Ji, . <5UaJJ fj&Mt I jjb JaSi Ja^auJI Jaw jll J Alt Sjbl) JlSjul ii)X>^ 
.aJ..>IjJ) SjUI j <jjJj a 5U*II jl SjIjaJI 4_>jJ (ji Lit <jSL^ iiLi* a_i jjjj j 

j-*J (j^jL >u » j*P jl Ju>lj ^ a -' <> !■* J*J (j-jUi* <j_^ <jl Cj^i ^UaiUI 

Ji» ^y. A fc > JpLu JjIp JjA»j J ji—^l Jl»u j las’ . Jj^l jl (j£»Ja~, (ja <jjSUj t5 jjl 
ji . <jlLc SjU <jSUj jpLu JjIp Jj»j j j*-> ^1 JlaU j» ^UJI i*ij (HC1) 

. cjUjjjSJ LSjlj>JI Ji*o)l 

(>-i }LLS plfeuJf (jl <j !jx*i lS jJI j*j 5Jl*JI j : 3Jl>J! j jjAjJI 

(3 jJI : <Jl*JI j4-*j 3-iJ° '■ 3JL»JI Jl iJl>JI 

pLiiuJI < L.. ^ljj Sjji-Lll 1 «hlll a _ iii— < jJ I 3JUJI ^Lu j s> A^ljO/il 5JL»JJ Loj.n V 

. i^lfaJI Aj]l»- JJ Jj-fljlj pllaDI <£Ly i$jjl J^jUl . i^jlfjJI iJL>Jlj 

: aJUJI j ji*i Uj^ib u_£e (_j^l JJUjll *kJjj a J .«,« I I ^ ; AjJLaJI 
li* jj . AjiL> 5JL»JI yL Jjij 5Jl>JI a jj» AjJjj J] i_s^>-l Bjj jj*^ ^UaUI jl j) 

. A. ja . l . t JI djljjlaxJli AJjju £U>j)l I juft ^JlP j^aj j) ^UsdJI 

jl aJl»LS olLe j (j j x j....- T ;.‘ j (j j .«.<i Jl ^UajJl oii^> pj.aZ" (jSj^j ; ^UajJI oIaUP 

. SjJ^vJ oil« 

t^UjuJI J 5jy>jll SjUI LaS f Jie. x*ju olLUl Lllj : 4JULSJI oUuxKd 
fc_ij j_t J SjLII jJi . ^L£ul) SjUI a,uS J ^ <^u»lxu <L*LSJI <i~cM J jx *. jJlj 

A— «JLll (j_i jJuUl jj-’o a1»LSJI A i. fil l <U^i jl* (j^jt—i. (jJJ— J Jl , 5 SJJL9U 

UUaJI t (^Uu^l i^l^aJI UIUI ( i_Jj.|JI iilkll t A^lyaJI UJI A 
A-jXt.auJI OjUuoJIj Cj'ij-ll JJ-Pj » Ja>>!l t UoSJl ( jjJ j^ iJ^P <5U» 4 (jxJ*>J SjP>JI 

. ^UauU <l»Li olL l^IS 

SjLII ^jIp '»*»* ^lll oU-«JI LiL ( j* 4 SjS^ll jl Sjjju J I oli-all Llj 

A_>jJ 4 i_>jjUI 4 ^»Ja_uJI jjjj)l 4 8jfj_»Jf 4 JaJLiJI 4 iJ USUI : J_jU Sjj4>jll 
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^jjljkl ttgUfrg (6) I — — 

^IkJL i-ol> oLu sjjt JiT Sj[j>Ji 4 ^cjjJl ^j>c»JI 4 4 yai I jL*5ul t I 

. lAyi! (j-jJ kii Sjllljj jf 

: L> (j ii «..i > ^ic IfijuLyjJI 2^jk> jjlnij 

15^1* Jl : ^121 ju-2JI 4 3^*31 i^^kl IS^LyJI : jji\ pktfl 
Lf _»j oLkyltl £_jji Jl ^uls <£& " i^iDI l^btlj^jJI (ji U£ . SA'^t 

(A& LyjJ <2)1^ IjJ" (_ylA yk^j • ^kail 0^il5 JjSfl ykl ^29*^1 : JlsJL£ 
La.$— ku £_a olj^l 3-)l> Jl Ij . i. rt | > (A, B, C) Sj^UJI SahiSl B) 

. ” ykjJI 

f^-Ju 'i Silkl 2)1 ” (j _jJ LsJ 1 lo» : S^jljkl ISJaIi^jII : JjSlI — 2 

. " Si Ik) I tlij” (jjjlij i«jjAj 1*5^ " .i~ *jj 

yk ULaj pl^JI (jjjlill li* yk,y : ; ^JliJI jjittJI — 3 

J-2i3 yi ojXj Ja — i Jl 6jlj— > oljkk Jaa 3 ill c£*i ■ikMj 

4^jJl> olj^b «1)U* yjSj 2,1 jl Sjlj^JI 6 1* 2 k» *y>- 

3jIjaJI ykk 2>S^*^ ” SJjkxij : ^jIjaJI iSLiUjijll : £aJIDI — 4 

. "ol_^k>JI 2>* Jj.AA'A JAC j 3^41 yi-flJI <4>jJ Jl ^lk (j'J 

2)1 SJa^^Li 4 —l yijjJ S^Lu l^-joAj 2>^-*i!^ Sajj^I ^j\yii\ ajjtj 

ojLII 2m 4j->- ijL> 3__e>lkl 2)ljj^l SJL> 3kj.u 3,»jljkl li^«Ljy^JI 

I j_Aj 4_JSl2ljJI O^aUaJI SAy lS^H LV 6 CjIajJaa (ji [ i L k a^*j la plk ^yJlj 

(JJ_j vl»0_>o (jjJI ' iJ *‘f_)ki]! yi*J , o5ttfUi!l iwfjJ j yoL> 

j_A S_,jjLaJI 4_»ju_bJI 2)-fr OjH’J^I y-ALtn] 4_jk>llll j_j— oJI Jj_>o l^—uj ikjl 

2m S_^jLiL> S_JLac ol jIaaII sIa . o^IjaJI Jl y»UI 2>* JjaOJIj o^jIjaJI 
2m 3-^jIaJI 4_ijj_kll j_1a < Jk> Vj 2>^*i IIaj . i^jlj^l IfyAll^jJI ^y+iu 

, SjIyaJf 4 _>jJj k« . a! I 

L-.lwi pj_2S jjjJI 2M^I 4ilj (jA . ^.uUw^l tSLwljyoJI : ^IjJI ^-Jillj 
SjijjjJlj S^jjJI ol^kjJI pljj-owb 5y>J! SjlkJlj Si Ik! I CjI*a£ (_s^ c 

.OjIaU 


-233 - 



Uj a Uj^B (6) 

jjI ^L xIIj 4^jlj>JI LS-uLi^ail 4ji»Slj i^ljpJf IS^uLieoll jlc ^jjij Lu 

JyU! (jSL^ 4_jli (C) y>-t L^JLaSf ji (A & B) Jl« y*\ j>Uajj ^Uaj jLeuI jlc 
. 4^jlj>Jl IS^L^jJI 4 « l\ ' ll j pjJ*s3 ^3)1 tiili^aSJI ^jju (j| 

vijj_» j J Jl » > i ij (j^-w cjlJj j (jjju ^UaJ : Jjl jaJI ^jjbjjJI ^ UsjJi 

(j_£jj 4_jli J>1, hill lj— fJ i&jjZ—*, —jjflll (_>auL ft j«JI (j ji-l oJj j ^UajJI Ij^J j,y«j 
oj_» j >— .a,i.~ j , 4 1 ) < t |- n U^J 4jl »g f lh i i . 1 jl ^U-lDI j j£*3 iio> 4ji JjZJI 

; 4,a1~ V > ^|^j| bjP Jl 4 JaoJl 

£_• uijjL>o ^lll 4 ^jIjaJ| 4^u>L)jJI 4 X J,»,«II >iil3 4,j Jbp — 1 

oui) . uuLj-/jj jj^4 jjila ^b»- j 4^1 1»1 | bjj» (jSL^j 5jl^>JI i*-jJ 

cj_uj) . jjj_» ^jjL» |»1 ,»,>• j 4 L i 1 1,« 1 1 o j a »l j^»-J (j£*jj BjljjvJI i>-jjJ 

.( iijlj 4_*,ii JuiP Bjl^>J| 4_»-jjJ 

jJju pLtu J 4 _J«jJI «l»j : jl) <L£Lubbjl <L4 «p - 2 

(jl .» TNI ^l.hill lj__fj ■*' ' ■>-* 4 it 1»C O'j • 4j kj >».«. H (jp 

. Q = Copnstant ji dQ = zero 

oL>Jl oj£-ij Lf3jjj> (j£L*j I tzjlJL*j«JI dlls i j» ; oLIap — 3 

• u!3-’*il <JL» Jl J_j-»jJl 

i)L» Jl J^aS 'J (jSJj tijjL>S jjlil t^j lJ >«l | tills ^ , : Ajfcjj J) j4tf OblftP — 4 
, o$-h y oljbuH o 1 » Ji*j . 0134*511 3JL> Jl Jji* tijj-sO jl (jfj3*5ll 

I jt— A 4 _j k . |t . > ,a. l I £» JpliS^ <ji«J ^Ltu : < Uwli*jl 0UI4P 

4_Jl*P OjX> 4_IIj Jjjj] (j fit,) 4_J J ^yAjliJl til) j £« (jljSMl 4JL> Jl ^Uull 

, a^LloSI 

(jSJj <JUsj 1 «-Dui oljji <JLa j ^UiJJf |j* (jir lj| : 4wbbjl ol ^MU 

Ji_p oljbff" . ^y^LSbll Ji*i tijJA 4j| (jl . 4j Ja^>ull Jaw^II ^ Olpl 4JLa Jl J>«s! 

. "4,*-ASj«jl 
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j U .0-L J-5 (Ti & T 2 ) (j*»lkj li^jJ £)l£ : Jjlj>JI yljj^ll 

jjoj Sjlj^JLl jjjv Lt^.ij.,' JLojl Jjjj- pj ba> ^Lfeu J£) yljjl i)l> 
. Ti = T 2 oi L^J <jlj5l ill>- Jl ji (j^»UajJI (jl jj*j £yj]l ( j4 0 jji 

: 5jjI Ij^JI iSLwIiyjU J jVI 

^jJLc jyliJI (>auyj iilkll J^>J (jjjli _jA l£,uljyjj Jj*il ,jyt£j| iiJLv- 

3JL*- JJ JJL* tj~* L (j_£L*j 4-JI <jj pi^IL IfJLli] jl LfS j l> J o^> 'J <5 ID I ,jl 
jl kt.avJ I JswjJIj pljtuU <c j53 l iilkJI . ^>T J5Li Jl J5Li <jj ji (J^>i 

. JJssi 

j <..»>! «U iilkll j — AH AH = A mC 2 (j^liiuj 

'i l^.jj L»5 3 x 10 8 ms 1 tSjL-*j ^2ll — C t «*Jj5JI — Am . <112531 

, cjuII Jj y*a »lkjJ SjI^kIIj <dl5JI L.i»! t. i .K£ > - jj <. Jj"i! j^jliJI jLijIjy 

j . 3JLL> J| LfJ^>o ,j_5L*i <JoS3lj <. JlSL-5) bjuJ iJilkD ^jla-b jJC jl>^ Ljjj 
i-JU! < J.~5-l I J j4->uU Jljvj 4 ^1 4_,yL^i!l » Lj « | > 5iH ijjbJl jAljkJI 

<L»JIa 1 Li 15 jj/^i (jl (j5L^ iilkll J_y>oJ k^ull jjjliJI «il! iSj k iy^> JjjjJI Jj^ullj 

. Kj»l '<j 'll j il£..tl 1 oj> Ji< 

ijlkll jjjLi) LSjJ» ( pLtuJl l jlt 4_^jljJ«JI iilkll <£*5 Juu jJO*j (j'ilj 
j Ojl^j JiLi ^jJLe j 4 &> <-ij-» fUluU iiLAil (q) 5jlj>JI <x i £» . J,»_j>uD 

, |j| ^ Ikil I 4k-<l^ Jjjjill (w) Jfv.tillj ^I kli l AH iilkJI 

q = AE + w -1 

Oj_J-cJI OOA ^jic <jjll5 (jSb^J 

AE = q - w 

IS^ilJ^a!! I o"3l j£*t (1) 

: US’ i_u5u <_» _j— iijLII Lli plkUl j k^-o jJj j^ii _jJj 

(dE)’ (8 q) (8 w) -2 

iilkll j Bjl^JI 4-fl.ull i^jljj«JI <£tS <k-<l_jj Jjjall J*5ll 

f lkaU ijJjoljJI ^IkiJI ik-l^ r U»jJf 
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^jJfcjlfcJI J aj . -fc .tJl jj ^Jfcj LfcJI L~«jJl (jj plfcuJI 4 Ln.il^jj 4-oI til Ojl^fcJI tjjSj ti-lig 


(jj-£ui ^jjfcjLiJI U- *yi Jl fLLDl ^ i>jL*. Sjl^fcJI cjJ 15 ^jafLuJlj 4jjfcy (j_j£u 

J« All Ltjjj t v_x>_y JajjfcjJI ^Lc ^ItoJI JjjjJI JjLUI wU j 5j . <jJL> 

, t_JL> jjSjJ fltill ^lg L j. fc .jJ I 4jakj|jj Jjjjil 


: Oj l^>JI bLwUujJD JjVI j^jUJI oUjjJxi 
wl— *>J dLJjj 4jjl j .t j5 i. l l ol j . l t.» l l ^Ic ijjl^fcJI tijjLljJJ Jj'il (jjjlSJI tiiuL 
j (q) J_xt jull (jLtuJ Cjj^i , y Jl ijjjj xiclilt plkii) iiLLJI j jjjjJI 
w l_«ij jk ...II fj ju^jjUS btjl>j] {>£ Ltj -q i tjl ..it o jj» j (w) 

^ g'fjJlj ^jiljtjfUl Jg UlJI j LiJ (j5lm IjlA jfcfcofcJlj J a L Al b Lj.ig Jjutj 

. fcfcoJlj L i- Al l j jjijJI Jjt_jg BJg 0>J 


JiiJI — ^>oJI — JsuLiJI 


ej_jjj (A) 4jjtbtL» -L>L<j LfJ jig jj 4jj5 ^Jg SJI^L-d Atilt 

ojJUIj t (P) ou-tSlI ( jig L «. Al l LLA^ljl y_j (1) Jii ^Jl5ix>-'ilj (jj^l fj-tg t» 

(jl (_jl <» L ojj-j i JSJ Bj ZJI j.t. ij j- LwuoHi . (PA)^ ^A^Jl ^jlg ojJjj (f) 4 j K . 1 1 



i!^_sO (j*. 1*5111 £>i jJj . P = f/A 

(Jt. .till j J *>jt . dl 4j kj ,.. u 4J ■> t 

. fUaiJI lijj ( j L «il JjjuJI 
8w = f d 1 = PA 5 1 = PdV -3 

J_j jll j_.n'm.ll fjjcfc Adi = dV e ttj-fc 

. jj till 4_!L> J <L— .Ijj ^jLjfcJJ 

(V 2 ) ft >>Jlj (V 1 ) yj_t JjL£uj 

. JljjJI ^5Mlj 

2 V 2 • - 

J 5w = W= j PdV -4 


( 1 ) J*-* 


4 L, Jjj-all Jt .fill (jyS . j Ltjj g 
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ijJjaJ (6) 

. Ji.tll pjkoJI — tui.All JaZj yA ^LtuJI 
LSbfllljjJJ Jj^ll (jjjUJI (1) SJjUll Jl (4) JJjUil j (jA^yuJLj 

. JiiJl Ilf! 

AE = q - PdV -5 

(q), (E) w i JiiJI >_ >!.,■>«) 1 » $ «l j >~., i] yS u^j <Ule (5 t 4) 

c/ijLall a j-A 4 __oL> o*j . Jl> (jl jjic jilfcuJI (ji USJI j! JiU CjlJaC j 

: ^1^ US' <u»L> Jli-ll 

t dv — 0 JLJLj 3 jUc (j! J jl— » ji :CuL5 jl® — i 

: Jl Jji>J (5) SJjUIIj (w = 0) 


AE = qv -6 

dE = dqv -7 

j (J 1 a 4 IIaj w = 0P = 0 i j> jjjiJI oy&i UjJlc . jju> tUUd l - ii 

IjJ 

AE = q -8 

; J] Jjl£u (4) iljUIlj i cjjIj JxAAJI ■ >1 * < • OuU JairfJI ytfjlw — iii 

W = P(V 2 -V,)=PAV -9 

: (5) iljUIlj 

AE = q - P (V 2 - Vi) = P - PAV -10 

dE = 5q-PdV -11 

i_4 3 JIj Oy^i ol ji k - iAl l (jl j! .jUl U*Jsi\ - iv 


l^ul^u <ji (jSU^ JjLSjJIj .JjLSju (ji (jSU^ (5) iljUIl JjJ *U L>JJ 

AaLJI si*j <L>L»j ( jk*II JSLiJIj (V) Jjlii (P) >iUjj 
. q ji AE (> J£ jI>^ 7 (5) iljUil j Lf«o^j*j ySU^ JUJU) • JUJI Jl* 3 <_** 

: 9ji j>JI O^ju j up jU JJuwJ JjLA 
5 jI^>J| o_jjJ jlc &L» jSj US j Jlifj jl® (> Jj* (n) oojjij 

£j!j_5*j| 3JL> ji«> . P jliU jJ I>Ul 1 l«-«JIj (jJ .iS lI Jji® P ^^-jliJI k «., A ,ll (j_jl^_) . 
j|jj_4 ^_>oJI £,l_9 8 P <*ii jIj1*j J2^ ^jjf-jljJI Jm-sJI liAji j!j . P = P Oj f i i -" 
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( 6 ) 

(P — <■!>.) L>JI LjLoJI JjS 4 »j<; jl.ui «U LjLu 3JL>J1 >jj> j JjLSJI jj&j dv < »_ii 1 L 

pj^»JI j dP) 

3w = (P'- dP) dv -12 

3 w = P'dv - dPdv 

UjUll 4.1 «.j j*« aJ J » j j iJjUil (jj ^*>.^1 jAlIj 

3 w = P'dv = Pdv -13 


2 «j* Lajjj Pdv oluLtxJI <1 Mil. ill LjLoj (j^Su jjluII Jjjoll JJL i Jl Cjj&j 

. 4jjI*JJI <UL>JI J[ 3JL»Jl £>« o I oli» |_Jju P 


v 2 v 2 

w = J P'dv = | PdV 

Vi V, 


. L-oLjj ^>lji 

-14 


. Jijsll ^ (V 2 ), (V,) 

: 4J^LaJI 5 i a Ju ta Jl (j;U 43**J! : Jluu jlil 4 juu1IIjj 

P - 551 ’ .15 

■v 


or 


or 


w„ 


^yift J~ojkJ (14) 4JjUII j ^yajyC Jbj 

_„ V2 f dV __ . v 2 

= nRT — =n RT In — 

J v V, 

V, 


v i 


w m ax = 2.303 n RT log 


w max •= 2.303 n RT log — 


iJjjj (jyliJ liub 


w m ax - 2.303 n RT log 


P 2 


IjUalfltf 


Sj jlft (jj J y» 5 JJu 3 Juft JjJull J*-UI >- .uu> -l : JLw 

. y3f J a jLo (0.1) Jl Jl>Ij (j4 27°C Juft Sjlj^Jl 0 _)jj Juft 
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Wmax = 2.303 n RT log 

p i 

= 2.303 x 8.31 x 300 log y- 
= 28.70 kj. 

jLc (j— I (J yt 10 JJl* 3 (jj <^1® (Jj -flL>J I cA*i (Jji-i ^-oil _y»l» : sJLtO 

.. jsi 22.4 jjd 2.24 27°C jlc l^lSjwj j ,v »i j Jli^j 


i)jl*il j ooyydb 


= 2.303 n RT log 


Wmax = 2.303 X 10 X 8.31 X 300 x 

2.24 

= 57.41 kj. 

IjL* y> 20 h.«,.,if> Jo£ Q“.‘^ *■! SJjjjjJ 5 *1 yfj 0tjl»j .1 : JLw 

j il^JI ^jjJI JjciJI u.«»l . 10 Jl h« . n . l l J 0J->lj 4 a 3J ^iSiil w)j>J 

, »°27 0jlj^> i->jj <xlc (jaaSi l l IjJj . JjLtjJI 


V, =5L= 0.005 m 3 

: Jl3)l (jie (V 2 ) jL*s>) C&*i Jty ay\j <>_} 

P 20 

p 1 / p. = V 2 / v, V 2 = V,x -^Sx — =10 
Vl P 2 10 

V 2 = 10 L = 0.010 m 3 

. . w =Pi (V 2 - Vi) 

= 20(0.010-0.005) 

= 0.1 Cal. 

or w = 20 x 101.3 N.m 2 (0.01 -0.005) m 3 
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w nRTlnPj /p^ 


^L)l jaJ ( 6 ) 


uuljlill ^LkJI (jjjliJI (yt I^jL> (n) <u^3 (jl 

n =M-= =4.065 mol 

RT 0.085 x (273 + 27) 

(n) i*^i &£■ 

w =2.303 x4.065 x 8.3 14x 300 log — 

10 

= 7029.032 j = 7.029 kj. 

10 Jljl£ jl_P (jj ^IjJ* ^6 (jic JjjjlJI j <_ilj : JH4 

. (^°27 ole) jjuaJi 4 t il«c »LUi jliJI <(Jju4j (5 jJI JA2JI I . y> 


«j jLill - h -A n P 2 t ^jLaJI h, Anil ^jJIjI/ 311 jUJI b Juo Pi 

: 1*5 LaaII ilHaj Vi, V 2 &£■ yi^>jj**]| c£+ij ‘ jUJI t— »j-*j 


V, = 


nRT 


nRT 


W = P 2 


nRT nRT 
P, Pi 


= nRT l-- 2 - 

l Pi. 


(n) ^1 = — mol, Pi = 10 atm, P 2 = latm 

28 


w = 2 x 8.3 14 x 300 \ l - — J = 4.48956 kj. 

. 64 Jil 1 LfJuu* Lfj ojj»Jul ; Jlia 

101.325 N/m 2 = hAAll £>L l*Lc ,^°25 jl*ll jJ I JajJI 


64 ~ , 

n = — =2 mol 
32 


R = 0.082 lit atm.deg 


: JloJI JSLiJI oljUU ^IjJI (j y* < ^5ljji3'5lb (Pi) <— »L«l> £>5*^ 
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SjjaJ (6) 

Pi(V)=nRT 

Pi (1)= 2 x 0.082 x 298 = 48.872 atm 
w =V,(Pi-P 2 ) 

= lx 10“ 3 (48.872 -l)x 101.325 
= 4.8506 kj. 

uu«>l . iaA-a 20 DjJJ JeSLo jiP jlc (jj jjJ 5 1 jlo.^ ; tjlio 

. t_j^ull tliil jlill 4j jj^ (J ill Jjjjbll (Jiiil 

UJI 

w =Vi(P 2 -Pi) 

= 1 x 10" 3 (20- 1) x 101.325 = 9.6258 kj. 

(jj jjLiuJI (jj til 1 JsjLo Jo£ <1 jj i_ut>l : JlA» 

. ^ 27 Ojlj^ ■L>jj jlc jil 100 8jji Jl jjl 1000 DjSi 


w = 2.303 nr T log V 2 /Vi 

n = 1000 x 17 mole R = 1.987 Cal 

x Vo 1000 

T = 300 k _2-=i^_2i=10 


Lfljlij jl jjjJliJ'ib SJIj oja 

O^Uil OXfJ <j&0 JJIjJI OJA . Jai-flJI O yj jit £>£ jjj jjli 

H = E + PV -16 

jJLjl! SJL> 3JIj — (H) Le^lj i 3JL> jl ill^ JljJ V, P, E £>l 

J j> ASM IjJ . 3Jl»JI Jj ilUJl <jj oI ^Lj JL 

: JlsltfAH 

A:H = H 2 - Hi -17 

(16) 2-JjliuJU pJjl olf) t ^UaJii o“JL>JJ JljJ ^jA Hi, H 2 (jl A » J >■ 

: (_yle. j-a>j 
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ll uUjAll (6) 


AH = (E 2 -P 2 V 2 )-(E, + P 1 V 1 ) 


A H = AE + APV 


A H = AE + APV 
d H = d E + APV 


: 0,^* P - Pi ~ ?2 yi 


iiLo'iL plkll! X31UI J j j A. ’iU j ^ — 21 iljlull yl (ji 

. plklll JjjjJI JA&U 

PdV = 0 t w = 0 i dV = 0 y_j£ Ss ^>oJl j UjIaj 

: J! <JjU1I 

qv = AE 

4_|j.l.>-Ul 4__dLLaJI j J&ju jjJu (_ 5 i p^KJ»JI Cjyj ale 

4-» l i» 1 <_>jL»JI OjljjJl (j j Sij plkiJi (Jjjji* Ji-1 jlj t plkll) 

. pi kill 4jJ.V|jJl ijUaJJ j 

pik ill j,uull ‘ Ixi-aJI Ojjj -lie (jji>u U I-IjIj IjjIj ijjl j .i ^ if Cl l o lj.U.n.1 Ij 

; J tills' £}.n~ 3JjL«1Ij jjjJJ 

q P = AE + PAV -22 

or AH = q p -23 

dH = 8 q p -24 

oy&i y L*j1c Jki-eJl M>yjj -tie x- a . u ll BjIjaJI <_SjL*i ^jJUtl'Sl j ejl^jJI (jl <_ji 
i_>jj jl E 4-^1>IjJ| iJUaJI At .j~ H <_J1JI (jl l PAV Jk-ill (Jy* 

jJaUuJI AjJua tUJI <SJL«j <_5 AJ ( jL*ll ui Ujlaij plklll Ul»J Jljj T OjI^aJI 

. *JL> J( ill*- (jji j j kill jl 

jUJI pjK> yl U-iji IjLi . Ijjfc pj»«>JI j jriklll (j^S-i i^jUJ! cjjleliiJI jj 

. JJbslI j jlill ppcv (V 2 ), (Vi) Jji\ UUJI j 

o^_jj jja 1^ i JaUjJI *jj ole jliD o*4jil J-ie (ni) (ji i*i i i - vj 
: (j Li oljUU plaJI (j^llill . k « . A 1 1 j <jj IkS o^u jle 

PV! =mRT 
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pjfoOl j C)£i 

PAY =PV 2 -PVi 


= n 2 RT - njRT 
= (n 2 - ni) RT 
= AnRT 

LuLa JI OjjJ JjlC JJjbw j yd^yuJljj 

AH = AE + PAV 
AH = AE + An RT 

. J^UuJI ^il y oli^> y^ (jjiJI yP OjLxft (An) <^u>-J 
jl>1j jjjjJ oj'i j->!j jj>- luLd jic Jjjf- 6024.96 <L<xi«b» Sjlj^- : Jlii 
Jlj-jJI ^^-Lp »Lilj £_UD yl ^lp IjJ . 0.0° C -UP Oj Jf-f y* 

. jj^iJI lj*J AE, AH «> J* V-O.J . jti 0.0180 t 0.0196 

JJjjJI (^JlSJ! y» 

PAV = P(V 2 -Vi)= 1 (0.0180-0.0196) 

= - 1.6 x 10 -3 lit.atm = - 0.162 j. 

(1 lit. atm = 24.2 cal = 101.25 j) 

H = E + PAV ; 6024.96 J = E + (- 0.1 62 J 
E =6025.1 22 j. 

. H t E y£ yyitfl £»i ^>501 (>J 

: Jtall _p«jJI jjic MgC 03 : JIA 4 
MgCOa(s) ^ MgO + C0 2 

j_a jjJ 0.028 jA olj i_o£yl yl 

AH = i—oiiil 3^ yl ^ic IjJ AE L^IjJI 3JUJI xA-ji . jJ 0.01 1 

. j->!j k ». <ij 900k 108.78 kj 

UJI 
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( 6 ) 

' jl y Jl (Jjjll < j> Lal l jljJJ pJK>JI j j^AlJI cj I Ji>-^ jj.iA'ill Ijjk <jj 

.( UJO^ (^dJ) jlAll <jj <&*£ 
PAY = P(V 2 - Vi) =1 (0.01 1 - 0.28) = 0.017 


Solid 
An gas 1 


= - 0.017 x 101.25=- 1.72 J. 


= 1 x 8.31 x 900 = 7.479 kj 

j_£3 Li5 (PAY) j - A l l j j Jul l J iji-S " Lp £ <a>j. >' cj'ij—II j a£ j y * ill Ijj 


pi . LAjL. 


AE = AH - A(PV) 

= 108.78-7.479 


= 101.301 kj 

40 kj 100°C jiitf jl>y Jl *lil Jj>J <,jlxc j : Jli# 

p-*0»j yJ 0.02 _j-» OJA JulC *Ut £►* Jj4 Jl>Ij p>o» <j^ I jjj . Cyt 

<JUeJlj ^yjJUu'^l j yJt LaJ . JLl 30.0 Sjl^_»Jl £>_» a jj k J Vfr jl>oJ| 

V * j l«A. I I DJujJ oli-ljJI 

UJI 

AH =qp = 40.63 kj 
PAV = 1 (30 - 0.02) = 29.98 lit.atm 
= 29.98 x 101.25 = 3035.5 j 
and dE =dH-PdV 

= 40.63 -3.036 = 37.594 kj. 

ouLi" 25°C 3jl y> o>>lj y> JxA-0 jlf *-Ul jlioJ c i L uf>* ill : Jlio 

4j»-jjJl (j-U jjlc Lai i— 57.16 kJ 


2H 2 (g) + 0 2 (g) > 2H 2 0(1) 

( OoUIlj iUliull) CjMjII j j^AjJI (jl A I (.' ■ > ■ J 

An — nproducti nreaetunts — 0 — 3 3 
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( 6 ) 

AE = AH - AnRT 

= -571.676 -(-3 x 8.31 x 10~ 3 x 298) 

= - 564.247 kj. 

: 4ju>JI 

LJ^Ij j x aS jl ^JL^i jiiu Jl iJJp jl jSx^ pdsuJI 4jx_ljd 4 . a 1 »1I 
t BjU jl j>Liaj dJa-Jjj t~l.<A~»l Ojl J>- jj Ojjx.p 4 j »*T jl jl j . ^Ufull Ojl J_> ^jjj 

Bjlj->J| 4_,i.*S IjJ . J_>! UJyj i. dT flj!j>JI j Bjl^j L» jl >Lo^ >_j y~ji 

t jtk OJ^-lj 4jfcjjJ BjUJ OjljjJ I £j jJ JjjJJall 

C . ^ -la 

dT 

4x_-.ll |>LxJI iJL^yull I_ya Jyj : BJ^U 4^jlj>JI 4«. JJ jjjj — C Jjjdfc 
j-iljS BJ_>-lj i-»jj J}L> 4 _i^1xj BjU 6jlj-»Jl £-SJ Ojllall Bjlj_>JI 4_£*S Lflb 
i 4., L ipyJI SjljjJU j.AljjT 3_>jj 5j_>iy ^lj_> ju>iy 4 jl— JIIjj . (Kelvin) 

: Jjyj- J 4yj“i^ll 4^jlj>JI 4 , x. J b i_jjxj jiljS 4_»-jJ 0J>-l_jI -A>-ljJ 4j_JJbj 

C = ^ .lb 

dT 

^jA 4^ij|j>Jf 4_x — -Jl . (j/T)K * mol US’ 4,>jlj>JI 4 ■■a l l 

3JjUII j dE + PdV jluSib dq JjxLJ j5!lj t 41 Oj^ 4~sl> 

. ijJj'ijJl 4^jlj>JI 4. x . J ) ^JaxjJ (lb) 

dE+PdV ‘ _ 


Jl j-ojlpO SJjUil jli (dV — 0) ^jk>JI Oa_jJ jjjSj 

r dE^ 


jj jit Bjlj>JI j £« 4j^ljJI 4iU*)l j Joxl idjl-kj Cy jl ^$1 


: J III IS Lfjyjjj jU^ jl jSU* Bj^Vil iljUlIj 
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( 6 ) 


dE = CvdT -4 

(4) UjUIU (Ti > T2 ) (^» jjju ^UxUI <JL»- jjjaju U jJlCj 

I n > (jl 

dE = Cv dT = Cv (T 2 - T,) -5 

lu'Jjj JJjJj 

dE = nC v (T 2 -Ti) 

or d qv = n Cv dT -6 

ySLaj (2) SJjlull (jl) PJaJuJI CJ^iJ JjlC I^uoISliuJ LjulCj 


Cp = 


dE 

v dT y 


+ P 


^dV^ 
vdT > P 


— ; J~ol>o -LuwJij Ojlj>Jlj jLaJ^I jiH-E + Pv iJ-oUju (j'llj 


f dH^ 
dT 


C P = 


^dE^ 


+ P 


''dV^ 

V*»T, P 


-8 


'dH' 

K dTj 


: ,J«a»v> (8 t 7) 3Jjl*il ^ IjJ 

-9 


ojjJ j_lc eijl^>JI <x>Loj £* ^ _yASJI JjjJ u Cp (jL5 JljJUj 

JljJ BjljjvJlj k «..^ nJ I Cjjoj .up ^ic (9) iJjUll >...» *i^ . ~ vifij . 

. <JU 


dH = Cp dT -10 

L*5 >— i— jlSJ* (j_ 5 t j (10) 3_taUll ei* (Ti > T 2 ) (2>» ^UiuJI Ujuipj 


7 

J dH = C P = j dT 

-11 

1 T, 


bH = nC p dT = nCp (T 2 -T0 

-12 
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3 j l— 3_jyli iliLJlj LLaJI SjUI (Cv , Cp) <j* J5J 3yjlj_*Jf oU. Jlj 


. d illao oljliil 

: JljJI _j>o3l JlSf* jlAl o—ijJLi Cv , Cp iS^UI jlilil 

Cv , Cp c>H iS^UJl 

dH H = E + P v 

: 5j!^>JI ifoUJl ooa 

dH = dE d(P V) 

dT dT dT 

c P - Cv + 45J) 

dT 

1H - cv + ^ 

dT dT 

Cp — Cv + R -13 

, Cp = Cv JojLkII (jli PAV = zero jljill yli »-k»JI 
(Cv) ^ „><>») I J_l c j (Cp) h WiA.ll tZjy-u JuC 4yjljj>J! <Lfc-JI (jl Jl Sfj JaJj 

^4JKS . j oljjj) j J-C oLlfU j $ > 5 1^ jliJl jlAl) 

o joJI (jl_j I. «lc . Jj > 12.5 Lujij ^jLu ILLjJj oljlill lfl»^ ojL>^II oljlill 

J_£ J_Cj 4 J^_>- 21 (JjL-o feSfynS'il ,Jjj ijjjjjJI ^ulii . oljUJJ iyjiil 

jj 4_»J|j oljLiJI oLJyjJ- (jl JjaJI (j£L»jj . Ly^Sj J_f» 29 iyjj^KlI iyj jUJ djuauilb 
(Jl*y L» jaj <jjIj JlSjjl *S> Lfl (jii iLL*Jl oljUU o~uJIj L*y>» o >< iS^> 
jljjj iS^'S" Iflii jS> oLIyj-*J! (JJj iSlL> j _^>- y dlJj 

o— £jj_»JI j oj oljjJJ < i.uillj L»!j . Syjljjj iilt j J l^lly 4 I 
(jl (ji-xy I — 1 a jj j t 3yjlji*l oil* LfJ JUJU} iyjljiol 3^ j l f > 5 1 j dUSlw 

j oljjJI JX-t ^j_Lc kJLfjju L»Jl_} jLiJI iyjljjJI 

4 .jlijfll) 4 - ^jy jjJI <yjl>l oljLiU Cp/ Cv <j# 40-111 o! J»>5U >ill jjj . 

4 (jjjj-jjJySl) iyiyjJfJI iySLi oljUU 4 i.t 'J Lj 1.66 (JjLo ( (j^fcj'il i <j_yjJI 

(jjL_5 i (jjjj^l) 1.4 i^sjL-J Q>i£3l 4 (jf>_j_-i5^Jl 4 (jf>jj3_jjJI 

i jjh 4_yj jlillj 3 _»jL> { !II oljLill Cv (jLy L«Lc . 1,28 (JjLmJ (.... (j_fjj£Jl .vj. a5l 
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( 6 ) 

i 2,0,71 jjLu Jlydl Cp 29.26 t 20.90 t 12.46 

. (37.57 4 29.21 

Xc (j_i 27.7 g (j j > ■ — a. ~ jo£ AH t AF. J ^uuJ! u^>| : Jlia 

. 200°C 100°C 

L»JI 

= 27.7 gofXe = 0.21 mol. 

C v = |r» 12.47 jK _1 mol ' 1 

C P = 12.47 + 8.31 = 20.78 jK -1 mol " 1 
AE = nCv AT 

= 0.21 x 12.47 (473 - 373) K 
= 261.85 j 
Cp = n Cp dT 

= 0.2 x 20.78 x 100 k. 

= 436.80 j 
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Theromochemictry 


i_x>L-eu ( jiJ\ 13 jJI ^JLmJI viDJ y» : 4jjIjaJI tlj 4 j 5 i.il 

J»J Lj cuU |> ->> jUa (J-tlftill 5jl_y>- yju ii^LxJI iDjfj i 4^il^«jUI oi^UUill 

<— iljJ . JaLSjJI Sjl u L*> j (jjySllI Sjlj^fc oL»Ijl>OL(I LojIj 4 cjoIj 

4_3UaJlj 3Sy>JI iiUsj £«oyll Jilt <JJj 33UsJI ya <iii»Ul (jjj 33}U!I 
3311s Jlj J_jj*ou (jl L f jSj j 3^U*aSJf 33lk!l (j'ij 4 i^jl Jj*j| ijlkJI j| ijiyajJI iJUaJlj 

. yaSjJlj 33 Us jl <Jjye> 33 Us ji 3jjl y>- 

C(s) + 02 (g) > C0 2 (g) , AH = - 94.05 K cal -1 

C(s) + 2H 2 (g) > CH 4 (g) , AH = + 12.5 K cal 

ji 4 (jLc) t (v-L») <j-* J-^l vrfSjsJI ^ ( 1 ) y (g), (s) jj*j!l £-p y US 

jjLls JaUuj 4; Sjlj^sJl ij-t < j»Sl 1 Kil <u>s_oj (_5 jJI JaIJuII yl US . JjL> 

LsS 4 -Jl— JU (AH) 3^zJ ojli’i! v_u5U v-t^y . exothermic reaction IJ y»JJ 
0«U JaUuj ( J — j-tj o<sL_aIj| <■ !> <. <» ■ ; (_5 jJ I JaUsJIj . JjUl Jllll j yjjj y> 

4 _t>yIU 4 _xjSj o5UUiJI si* Jl» ojUJ (j! US . endothermic reaction SjIjaJJ 
iSj -SakJ I j 3 JjU1I (j£-h (_jJa 4 . »- ‘iSi ( _ s jJI (AH) 3_j jS.I I (AH) 3, « L iS.l 
JL>J-> Ijl (AH)Jjjj-3j Cjuli l»»j JuA AjkjljJI jlyilj ticlijll jlyll yj (JSJ 45 jIjaUI 

, ciuli ^jk>- ja JaUoJI 

Ojl y_> y_e 3_>JU1I 5 jIj_>JI L^_U jj- 3S cjjLc LijJl y_c 3_>oljJI Bjl j_>-JI £lj— >ij 

0 jljA> 4 SjfcyJj^JI Sjly> 4 JjUjJI OjljA- 4 yLjjJI OjljA. 4 yJjSjiJI BjIyA- 4 (jlyj-S-'^l 
. (JjJUsJI j oliyj^l (jJjSj Sjly> 4 ^Ljjl BjIjA- 4 jAOuJI SjljJfc 4 JjAijJI 


: JpLuJI ^ yy ^3Jf JtlyJI 

: oulJ ^jk> jj£ j! ouU Jm*a jja JaLjJI Ljjjj> -1 
<jLS Ijl L_< 3iy*a ^Ijl 4 -jl >^3 . JaUjJI 3jUa '■ty*! jUa JjUJ! 13a 3jja! 

'i <_j| I'j-Ujj . CjuLS JJso |*JK>JI (j! ( jUaj IUaj 4 OjIj ^s%>- JaA j»UsuJI IjA 
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tUul J.Wnl ^ItuJI >iJ y 131 <2>£Jj i CjljliD < 13 a JuuaII Oi jJjCi iiiI>o 

JaJLol) J—£> (Jji i JJ3 j u u i 1 jt »»>1| viUjj 4_jli dul_5 J 3 JL 0 (j£ i_J I 

j Jj — «jj l jli ibl* jlj* jl oLa j(^* pUauJI ,jl5 I3| leij « (PAV) ^».jl»Jl 

• (_y5ul5j* i 'Jj L ujSJ jiual\ i_5 jLo 

: <L>uljJI jljllj iicliill jIjaII 4.).«.i.ija.ll <Ul>JI — 2 

Ojlj_> j^Ltol Q>.nj (jl jl SjIjaJL jljjl 4 JXftj j,uu (jl <jl j>_yl*ll (j* 

J lj -»ol Ij ; (jbjuJl 4 j l f AJ 'il t jiuill) ^« L 5l l o* j Jl*JI y> 1*5 

, >1133 o^LclijJI yj (ij j->-l 3JL»- Jl SJLv ,j* 

H2(g) + '/202(g) > H20(g) + 58 K cal 

H2(g) + '/202(g) > H2O0) + 68.5 K cal 

o*JL> (j-* Ltf — 1« J5l jL>y <j^)5jj j (j^5*ll (jl J^^bl 6** 

jjtf obl5 SjljjJI y <,u5 cx> j>- 3Jl>JI o3a Jit* j 4J"i . <LbL> 5j^_o j y»% 

.(uijJSSJI J5L- Jl jlioJI 

5jl _^>JI 5->jj — 3 

i_ 5 1 J*LJi*3l <iJL> jjAjo LojI_j Ofcjj jjaX> 4^yJI 3jljj»J) ^3 ^uC D 

.V lip OjlP^jJI Ojl j_>JI A »,>S L_J !...>• JlxCj ( dub ^->-> jl dub Jma J*£ <Cl^— . JjlC 
Ja JL a JI J-i l u 5jU5j* jLi_i >1D3 jj (j,; >>«»li,l b JJuoj >_j y** ^jk»JI (jli dub kti 

jj_*j jJLe ^jUJI 13 -a J— **J 5jlj_*Jf (j » kjj* ‘ 

. Cv, Cp (jjj (j^>wu)| k_jl*L> j Cp >Cvui j jl-< 1*5 Jxv'jbj . ^j»oJI 
: iju'lll o*ib»JI j U5 Cv,C p (j* <J5 (>,0 objll* Sj^ <— *j— » 

: JjVI ilbJI 

ymiSJl JL*aJ l^J5*j iliU! jl o , !, J I jlji! J jjjjuJ! j) lob^ Lboj*j (jl 1*5 

: (jl jl bjjO juo SjboPlj j 

AH = AE , C p = Cv 

Ouli ji* JpUj3l Ojl Jj> oyb Ju*J> jic Bjjill (J^LoJI Ojl J>- (j_j5jj 

Leul 0 L 0 OnJUJI jljilj oIa <U Lilli jljll oj^j o^Lclilll j Jio^L* y> L*5 . 

: ■by'LlI J|juui*j| j 1*5 
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f ij./in (7) 

2A£s + Fe203(s) > Al203(s) + 2Fe( S ) 

»L» Jl - Ja il (j_j J->lj J y>3 J.ifr 4 j1>IjJI isLkJI j (_j..i>I ; JlAj 

(jU Ue c i^jUl jL^aJ*j| i>-jj jic 

3 f*lf**‘ 0.9179 = gttli 5iti$ 

3 r /^ 0.9989 = *1 II iiliS 

The heat content of ice = 60 10 joule / moles 

*UI Jl ^Jill (j4 ijy» J->l pj>oJI j ^A»jdl 

AV — Vliquid ~ Vsolid 

V H2 0 = 18.015 / 0.9998 = 18.0186 

V ice = 19.645 

AV = - 1.6269 Cm 3 /mole = - 1.6269 x 10~ 3 L/mole 

= - 1.63 x lor 6 M 3 / moles 

(j^ilill yj JjCiJI yL> Jl J) 
w = PAV 

= 1 x 101.325 x - 1.63 x 10~* = - 1.65 x 10^ kJ 
AH = AE + PAV = 6010 + (0.1651) = 6010.1651 J/mole 
. ( _ y jJULi'5fl j jjcdl (JjLy < l >, L> I Jl iilkJI j j^iJI yl ■fe^» , ^tll <j-*J 
= 6010 

,jlj cJjU «■!. a,1>l jl jjj . h Lficlij »Uil L ^jJI cjjUUlD < juJI L : Ljli 

(j_»i . AE, AH (> jjill uj^i il L*JI Jj IjW^ uj&i f L ^^H J ji*^ll 

. cjIjUJ ^Ul (j^iUJI 

PV = A n RT 
PAV = A n RT 

• Jlj 3 !! J u ( AV, An oi ^c> 

. ISl^jU^JLI Jj*il (jjJlil! 

AH = AE + AnRT 
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: V5l 

JjVl ^jJI 


(J^LiiJl j L*£ 4_,»jUjl oL5yjj>JI jj_P j U ^xai u_jS^ J^lijJ! (jl£ IjJ 

• . ^ . ^ 1 ^Jl3 £« ojjjSUI J^Lij yj ^IjJI J*-*l Jji 

C0 2 (g) + C(s) = 2CO(g) 

1 zero 2 

. Cp ^ Cv £)l lS^ AH ^ £i_j 5J «ilJiy 

J*liJ j L»5 jjyc j ^l i iu Ujj*woj J^lilll £>l£ IjJ 

y^Sij dJj JjJL- An <jj£j (jlftj jlij jLp £►* »Ul 

Cp < Cv ’ AH < AE 

H 2 (g) + l /a0 2 (g) > H 2 0(i) 

1 V 2 zero 

An = n 2 -ni = zero -1.5 = - 1.5 
products - reactants 

j ia_>^U j_» L*f o'j^it j-xa! i^jLu alelilil jl_jil o'j^i Ijl 

: yli o** iJj^ Cm J^Uj 

Cp = Cv , AH = AE oj&j An = zeor 
Vffla(g) + l /2Cl 2 (g) = HCl(g) 

’/a '/a 1 

p°1000 Sjlj^> jJlc -i)l£JI JJ->oJ .‘(AE) > ; i ■■» • ») : JLm 

. Jjj / J_y> w) 176 Jl»j J I ^jJli3| (jL l .*>!_} -ki~oj 
CaC03(s) + C0 2 (g) + CaO(s) 
zero 1 zero 

li^LyjJJ Jj'il yjjUJI pl jL»JL «Uj 
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AH = AE + nRT 

176 = AE + 1 x 8.314 x 10 -3 (1000 + 273) 
AE = 176 - 10.583 = 165.417 kJ. 


Ojl j—>- <-> jj JjlC oUjjj£ (yt J->lj J1»J jic <JI llA jjj 

JJL>oJI 4 .jlfcg j Ifl* ^1.1 ><*.<4 . Jy»> jlj£ 176 (_ ki~ » ^ 4 (JjLc J uij f °1000 

dJ 10.583 4 j5LjJI 4 « L i2ll L*ij ijLkll Jl i_iLaj J <iJ 165.417 

. j.u3dl 4,|1 « »t ^£4^4^ Jjj j (_p » . wj JS 
Jl <151 Jl SJbJI l j_j *Ul (jj Jjj -L>ljJ 4^1>IJl <511x11 j j^jull 1 - 1 ,... >-j — 2 

k«.J>j ^°25 0 jl j>< <->jJ jJlc ^I.nll iUJ <^jyjjjJI Sjlj>JI oul£ |j[ . jUkjJI ULv 

. J 44 

H 2 0(i) > H 2 0(V) 

Zero 1 

AH = AE + nRT 

AH = AE + 1 x 8.314 x 10' 3 x 298 

44 = AE + 2.4775 

AE = 41.522 kJ 


>_iLa^ <Jy> <il 41 .59 J Jjjf »il 44 <-»jJ yl ^L>jU y> l»£j 

. J J«*ll Jjci J jj j p A>JLu jjillj 4 jL>UI <5UaJI Jl 

p°25 SjIjaJI jic jli* j» » <<« j (jjljiill (jj Jji -x>ij jljl>l jj-* : JLm 

. (jJllijJI Sjl \j> 'jjl 4 -jujl»I . <J^> <il 5151.9 IajIja* 5 jIj>JI (jj < 1 u£ cjilki l 

CioHg(s) + 120 2 (s) > 10CO 2 (g) 4H 2 0(i) 

An = 10 - 12 = -2 

AH = AE - 2 x 8.3 14 x 10" 3 298 K 
= - 5151.9 - 4.955 = 5156.855 kJ. 


. ‘“‘‘I* JllP 4 * * CjuIj liw. A Juk£ Ojl jJ-J 1 (jl (^1 Op ^ Ov (jl 1*^54 J 

AH = X AH v AU 


products reactants 
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fUdU&fi (7) 

- 5 1 56.865 = 10 x (-394) C0 2 + - 4 (-286) H 2 0(l ) 

- AH° (CioHg(s) formation 

/. AH formation (CioHg(s) = 72.86 kJ. 

J_i£j OuU J Ip d^JuJI jljjjvJ SjljJ- (jjj <■ , : JljU 

J 3224.45 — l j> cjulj ia jLo ole oulS IjJ . 27°C Ai* cjuli IxiLo 

• 

UJI 

AH = - 3224.45 = AE + (7 - 714) x 8.314 x 10~ 3 x 298 
-3224.45 = AE- 1.2426 
AH = - 3223.20 kJ. 

CIjuLj ■> ig <3 l*jl 11! villj (jj jjSl CLuIj l u Ltf jlc 4 juuul 1| 0jljj»JI (jl 

^ic Jj-> I jj»J ^K>JI j i>aZj \±J.X> <jl i— ul5 Ui. O J \t- (J-C-lttjJl iJjUj (jj Jx>^UI (jjj 

fj-A (jl l_»S dJ 1.2426 i5jL-»,j jIjlZII ljuj*j ^U=uJ( ^Lc jl 

. Sjlj_>JI J SjL^j siiLiuul t AE <JLi-ljJI iilLJI J j,uu)l Jl i_iLo,j 

jjuc (j,» j jj-iJI v_jl . « .» L-L-i AE j AH y_« JS JjiJI oi 

. OoLUl xLelilll jl^JJ c/jjll 

<i) 884.54 — ( jj* cjuU •*** 0^11 »iulS IjJ : Jli» 

. JisUoll IXfJ <A£S uu>j . Sjl^JI JaJ^J I Jjuu JUC j»l tSj 3 ? JSJ 

CH4(g) + 20(g) > C0 2 + 2H 2 0(1) 

AE = - 884.54 kJ 
An = 1 - (2 + 1) = - 2 
AH = -884.54 + (-2) x 8.314 x 10" 3 x 298 
/. AH = 889.495 kJ. 

4 . 1 -fc.nj ^yji, iuA JfUtf (jl (jl <2^1— Jl cj'ijL-il ijj Jx>Mll jjJ 

(jj y>- j yli^II jl£ j! y>-\ il* JUJI US' . J A 4 ***£ jMLul 

. ij»'!ll iljUll j £>*** y> US' . tlilj u_^jS)l . 'j .t S l ^15 t ^ li» l il (>>^-fcDll 
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(7) 

CH 4 + O 2 > CO 2 + H 2 O = Heat. 

j jj (jt Las’ i 5jUj j—iStj ^11 _jaU 

ij-t yjf j ybUliu jyu*yl\ Ji» Jy>-j j>-i£ 

JaUj ‘ill ja L# ( jlji>- > ill |jj . lio^SIl jt*«j c>* y? j 3y^i e>«duJlj ^y^j S.lo» 
v_$jaj ju«tSj4j JjLc SJjjiivll SjtiU l> a -~ j~>s1jU iXili Ulx>J ij j->! BjLj SjL» 

: ,J1» jljjL>^l) 5 acL« 1I BjlIL 
C + O 2 > CO 2 + Heat. 

b Lj_3ljjL>l JlJlC SjIjJ. ^-Lxj JjljJi (>» 4ili>J| £lySllj 

: gyi Bac Jl 

. 42.1.1 >■ 1 1 ^mJI j j JbJt jj» US’ . <-jJL> jyj : Jj^II ^jJJI 

JjjjuJI ^l_jj j Jl>JI y> t»S . JjL< jy j £jjJI 

^auUI jliJlj jLft Ji* . ijjH jyj I'iJliJt 

: jjSjJI jl ji>l oLIap j ^jiUI joo* uL> 42 jjb 

*_el_yb jk-^oJI ji >..»■..« ?»l I ,Jfjjk_>! j_Lc . odu c jy j yt 4a*S jl _ji»l Jie — 1 
Jl Jj_>0y j_^_»jll (jj-jjSJ! (jl_j b-*J C>* y? j 

; ^froyli Jlil X»lilj «-L Jl JuuSljj l*S_J JjJjSJI -U~»Sl 

( j_lt «bi OLtltf Ijt Ul5 pjbJI (yt ^>S J->lj JuLfc I JLm 

|jj . pj}UI v -L> * ‘ o^y^ 16’/. t <>»->■ jjj*i 6*/. <. Oy-ij^ 66’/. 

,27°C 7>jJ jJLfi Jl 4^iL>g CJJ^I 
UJI 


c + 

0 2 

— > 

C0 2 

1 gram 

1 mole 


1 mole 

12 gram 

22.4 lit 


22.4 lit 

H 2 + 

V 2 O 2 

— » 

H 2 0 

1 gram 

V 2 mole 


1 mole 

22.4 lit 

11.2 lit 


22.4 lit 
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( 7 ) 

(j_i jSJ 22.4 |»lj_>- /jiLSLj j_>Ij (j I iiLJI o'jjLJI (jj 

(j_< Jj_< £—• (jxjf-jj j^I 0-j 2 ylj . *-Ul (j_« jiJ 22.4 ^ k»j) ^cv 

. »UI <>* J_j4 1 (jJaJSfJ 


Wt. of Carbone = — x 1000 = 660 gm 

100 6 

Wt. of hydrogen = -^— x 1000 = 60 gm 

100 

Wt. of oxygen = x 100 = 160 gm 

100 

jlj i — I (jj oL»lj>JI <— >L<k>- (>SL*j JUHjj 

mole of 0 2 to burn C = x 1 mole = 55 gm 

12 

mole of 0 2 to bum H 2 = ^ x Vi mole = 1 5 gm 

. (y oUljJ>JI JOi 

mole of 0 2 in the sample = = 5 mole 

y^-jySJI j *5^1 1 C u5 ^ i » i»j5UI .'. 

The amount of 0 2 required = 55 + 15-5 = 65 moels 
The amount of 0 2 required = 65 x 22.4 = 1462 lit 

»£^l! (y — ^yie 1 j I ia^Mil (y 

5 

^ylSJ! yLt> c£±i 

The volume of air required = 5 x 1456 = 7280 lit 

. r 25° jJlC ^»V>- <_)Lfc»J Ij 
298 

Volume of air at 25°C = 7280 x = 7946.67 lit. 

278 
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VjljaJ! (7) 


ljL> c^h JLjJUj Jjib <i*£ jaUI Jllll j : Jli» 

: J bits' pi js* j 1 l i5 . I Li tl^JI <&>£ ^>5 L*jj , j»l y> ^ljSIL 


_L>JI 


Wt. of 0 2 = 65 X 32 = 2.080 k.g. 


1 


♦l_j_fJl <-**$ >— > 1 .•«■> ‘ y£»-_)-~»SI — <jlS Uj 

. jljjL>yi 4 x i.l.»».l i-jjliall 


Wt. of air = 2.080 x 5 = 10.4 k.g. 


h ^ la*ll j SijLiJI ci»UjSll ij-t J-S 3j i—u v— i .».->• i . Jjuj Li ^JLp !»Lj ; JLw 

.. p^iil yj pj*S 1 (5l^l>-l <>£ ^jUJI »_iL>Jl t5j00l 
L»JI 

i-iL — ». ' i (jLi »l_j_fJI— _j_>JI j o&^ y o — o (jL UbL> y> l»S 


c\ 


>UI 


p^>- j ‘ p->*> ~ 


. i—ibnll Jaii jSj 

80 

Wt-ofNj = 10.4 X = 8.32 k..g 

100 

: ^yi,; l*S iibLJI iJLJI iyt p^>o <±43 jL>^j L,uLo ^illjj oj^ij 

Wt. ofN 2 = 10.4-2.080 = 8.32 k.g. 

: i^JbJI ^jj tjyijQ I ^0 OJJ vL— Jj 

each 12 g of C give us g of C0 2 

„ r 44 x 660 . , 

Wt. ofC0 2 = = 2.42 k.g. 

12 

% of N 2 = — x 100 = 77.46 % 

10.4 

% of C0 2 = —x 100 = 22.54% 

10.4 

, Lb lil j»-[ JJL. J jjij <&»£ pj5UI p>o k— >!-*>• 
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( 7 ) 

oj_> Le J5 ijjikll UjLJI v_u5uj <.. * > , > « J I j jjjvjll Si^*j ; *ijl 

t\y 4 J I A. >-JL .oJsi p_5 3 \jj > — > ^3 1 4.^,1 1 C j 4< J.a-g... ill 4,_u$ * "j 

: JljJI Jlill j (jof* US’ ^>v> — I ^4*h>> <j! ijOio-Jl 

. <jLiSji yj^W 45 */ t (jL u' La jj_j3L| 55’/ jj-le (jjJL>v JJl — < jjlj : Jlia 

.. Jljjbfc'ill 4. jl «,i >l ^>c> i_«Ufc>| 

UJI 

Wt of heptane = 55 g and Wt of Octane = 45 g 

C 2 H, 6 + 110 2 » 7C0 2 + 8H 2 0 

100 g + 11 mole > 7 mole + 8 mole 

CgHig + 12.50 2 > 8 C0 2 + 9H 2 0 

1 14 g + 12.5 mole > 8 mole + 9 mole 

Wt of 0 2 at 27°C. to bum 55 g heptane and 45 g octane. 

( 55 ,. 45 , 300 

= x 1 1 + xl2.5 2.4Volumex 

l 100 114 J 273 


= (6.05 + 4.634 (22.4 x ) = 270.38 

273 

20*/, <L ; u J 4. V_i .»-»-> j ^o>uL-» II utf lob 


excess of C0 2 = 1351.9 x =270.38 

100 

The actual air is used = 270.38 + 1351.9 = 1622.28 
27°C JjlC (j_jSuil lj p»*o 

f 55 45 'l 300 

Volume of C0 2 = x 7 + — x 8 22.4 x 

U00 114 J 270 

= (3.85 + 3.157)22.4 x— )= 172.50 

270 


Volume ofN 2 = 1622.28 x = 1297.824 

1000 
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JpUj yP <L>jli oVl> u^ u uJ <J ^>1 oUjjju 


«il)jJj oljxtf 1 4Jli j SjU LIjJ jJp : (jbjjJt Sjly> — 1 

. (JpLiill 5jlj_> viLjjSj 4 _LpUi 1I j|_jll (j'uj j 5jl_^> ^ Lie’ll j yl i_ *>vf 
olj] j-1p >jL>JI jl < i. ol t l l Sj!j>Jl Lfiu . Ejl j-> i— ySUf 4l) j 

jQ . -vj Ujjj 4 JI lii. j . au . «-UI (jj Sjdfj <d->S j 5 jU (>• is'y>- -x>lj 

. jJlp <jjly> y£*l 'j tUU 5 jUI villi) 

MgS 04 (s) + H 2 0(l) > MgS 04 aq + (Q) k.cal 

SyffS till < 4*5 ^U J_jL>u <Iyj* ^jJp jl>_p Sjlll (j) (aq) jjy) lj 

JjLol aJlP 4 .null jl 4< Via >11 Sjl^aJI <f*S yP OjLlC ^A ; vJjLiuJI Ojlj^ — 2 
Lyj21 ( ijl—3 : >ji>u JjL»u j ojpti jjilSlj £» iy yilSu j»!j>. 

.. 4^j5 ojpU (jji JjUi jjp j*-“ 13.7 

HClaq + NaOHaq > NaCl + H 2 0 +13.7 k.cal 

; JJjUil o if! lift £j| y ! j (Jplii)! <jl 

H + + OHT > H 2 0 +13.7 k.cal 

Of-AJjJf'il (jjfij y (> *U! yfjSiJI OylyA- Ujlflpl yiUf 4li (^i 

!j_» v y.» *?>)! jl ij>_j5 ojicli JjLaI jJlp <*fi)l o ja 

j A f ju A) I y n * > y ) l vl lSUl 4 fU p j Ojly>JI OJA iyt *y>- v lll f l » 4 i f JJ 4j| Jf v I 

. iifa_eJI OJpUJI 

HC1 aq+ NH 4 OH > NH 4 CI + H 2 0 + 12.3 k.cal 

HC1 aq+ NaOH > NaCl + H 2 0 + 12.9 k.cal 

(j-f^Svl j..ip <L .nltll ji 4< ltU I SjtjaJI < t u!i (jp Ojlxc : yj j S uJ I — 3 

; ifl'il Alltel J US' ifijSl Oy^llp yjU v_jS jt yj dsjjf- JL»-lj 

Fe + S > FeS + 24.00 k.cal 

2C + H 2 > QH 2 + (-53. 14) k.cal 

Ojlj_>JI y_J i-f^S j-itu Jfifyf-S v->Sj4 JA-lj yfjfu jjp li»J 

53 Ikylji* i5Ua)l yj you* yflflf^Sl yfjSl JoP UlfJJ (JjIjA- yJ«_. 24 Ujlji# 
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(ji-3 jj yj_ > J^Ljj y-^jSol 4_»j^UI Sj!j_>J( *. j « S l jD ; i>L»jJI 5jlj^ — 4 

*_»t — c*Jj (jUyil y^jSa L->Lik> ,j . JlsJI JlilL LfjLuk &S-HJ yjjijL**!* jl yjliJuia 

- u^l 

j_3j jlji>^U iij^UI ojIjaJI 4 ,i » ,**T i yU*»J j Ub Uj->- (jLSjJl Jlji>J 

y_j-jySL!l Ljj»j yll^II liiUjSLU j-oli* t,Jl5 . y*~* 214 (jjl—J 

. i_ju3^xJI LjjIj^ j*—> 69 t Ljly>- lj*-» 98 izjjjfj jjj 
iiiLi^> J-^aO 9jj cSj*^ j*-< oljj Jl i .jl. rt ll ijjjj&li 

• '-J 51.500 cnljj Jl 

: jjL U5 (Jj^SjlII 5jI^> o.i»j : lilO 

CR» + 20 2 > C0 2 + 2H 2 0 + 214.0 k.cal 

C + O 2 > CO 2 + 98.0 k.cal 

H 2 + «/ 2 0 2 > H 2 0 + 69.0 k.cal 

4*jill y_^Su Jtalbj 

C + 2H 2 > CH 4 + Q 

98 + 2x69 > 214 + Q 

Q = 22 k.cal 

■bljj la j - oJ y^S^i C-Hch ‘‘■Vj! jJ4ji U* Ujr&i U* l*JJ 

378 . . , , , 

=94.5 k.cal 

4 

yjjySJl yj XJujSj jL Ulc : J ’alls’ 4jLik» ySa^ yjll^.j!>U 

|j| (-53.0) 

= -53 + (2 x 150) + 92x 51.5) = 350 k.cal 

( \lt* l l..» < j| yi Jj*j JlaJtaj 

H — C=C — H 

£jUJt • !<;!./*■ 94,5 t^jLu C — H <ajj yli iibLJ! ukLjLJI yj, 

< j-»j C = C 4o^S _y» ^jSjulII yjS^i 350 y* 189 4 tjjjll . 189 = 2 x 94.5 

. (^jly^ yAa 161 
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(7) 

: OulaJI i^jl j^JI jAut o jjli 

ijj_L> C iJ>h>l Ia 0 « <CuU L5lj (j_j5u ,JfiUj i_S I j i_axail jl 4ilkill Sjlj^JI <£«S 
. «-UI_j •iJjjlf jlfi} O* j J-A>J yfL*^ M-uJ . ^A>aJl 

jl oxj>I_j 5^_L> j yjafij— •S'ifj (j_j_jj£JI (jj j^jjSkJI ^li y j . Aso y5L*j iil!j5j 

J—jjjJS £_• jjLijJI JfiLiLy (|>j_ t ujj'il J_,)jjJl£ j_i-A>u) JfitiaJl ^y-i* , Safi 

. Q 1 Sjfy^JI j> i**S jikuj -Uj_}lS yejSud 

NHs(g) + HCl(g) > NH4Cl(g) + Qi 

(Oljjj ®j!>>) (Q 2 ) 5jl^»JI <> <**£■ «-lil j j^IS 

NH 4 Cl(g) + aq > NH^Claq + Q 2 

JjJokj t>^5uj Sjlj_*JI 4- ,u . if (Q2+ Ql) 4jjuljJI 5jlj>Jl <^»S yi 

• fj *^ 1 ±ijp 

JS JaL>M ^3 . »UI j y**jjO I ! ! !ll o^j_jISj jjLijJI MS >— >lj,> iZ^tJI jj 

Sjlj->- Sjlj-*JI y-« 0 .. tv » u > l ‘Lil j k_ilill jjLijJlj J^jlS y« 

«Lfi_)« >■»! 5 ^jL-m ^wljJI S_jJLaJI j (jjlj > • ! ! y_jSu Jfiliill 

jjfi SjUI y j . A> J jyt> oili»l U^j ijjli 3jlj>JI <i*£ (^1 (jl i Jj*i! S_jk>JJ t5jly>JI 

. <_9jykll fjttij 
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V DjI cjjjJ jlc jIp jiu «-Liil Jj jjJl jJjLSJI (J5J — 1 


: uJ^I — 2 


. iilLJI «- Lis poc (j^li — I 

Jxi-cJI Cjjjj JlU — I_> 

, Cv, Cp (jj ij^UJI — _> 


• j/p Jjj3 ~ 3 

<j_* j Ji_iP Ojlj_>- Lf k»j ^jjdl JjijJI i> jjy'il j£jl — 4 

? JjijII jlji*-! oljltg j pjiUI *-[><31 V T >Lfc> ySLj^ OrfJ 

: ojjJ uu£l — 5 

Djlj^ * 1 

JjLuII DjI \j> — k— > 

ijJjSuJI Bjlj^ — — >■ 

J»UjJI oijr^ Sjlj^ — J 
: cjjUJ! (.Sjlj^JI (JoeLsJJ 0y\$ — -J* 
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Corrosion 



ji ji —> «3 _ji oljliJLl L-ilj Ml _y*lo JS’UJI jl jo 

, J..j.t > j| ■ V -^5'1 Jl J j . >1( 1 1 o.i iC JyjjJI j T_5~° y~ J j ^*- Jo fTl J] jliJI 

; jjJaJI J—Io . 4_oljA- yiuu jliy JlilLj 4jlj Jl Jj>oy IoJllC ji&Jl (jl 


: JSttfl ^1^1 

Jj__LflJ I ^.k _ C,i_a1 j! 4j^yu ^yeyt jjJaj fjjbj AjjJuJI 4jlwl^J JiU — 1 

. Sjt^-JI p-i>- j J5lJ jffey coljly-JI •rJa— < jo iyjjJI £jj j l»S 

£_Slj -k-A-» ^Sljll j jliJI ^ ^jU»h Xfs* j* ^ooy lj*j JSU — 2 

. jliJI oLjyjj* 

(5 jJI L»j*£ J^LiIlj . jM-3j iwj j jltil j* ytj ^pUcl J5L3 — 3 

kLwjl l 4_,tplJu0 4jL k . 'n (j t s.. J-i o jJ I slj |)ll Jio JaLojMl 0 oa (_pj (j si).X>y 

LkJjsj sijX>y M 4 « k> » Jl JjmjjII JuLc (JSlllI jf»—j j5 pjuJl ^^icj , iyJJ^U jl 4.u A o.>- 

(J-Ls j-Jill J j- .o ^ l j_)£jy L * - I ii > . i>i*> j ytfLo»jJI (J^lj j Lo5 . JS'b 4yi*P 

j J5L_jJl sjj jL-xy J— S jlyjfr-Sl l/uu jj . j.A*II ^Luo Jl yAn»JI ^ »‘» » | > !> ^k-JI 

. (JS^ljdJ i~0j£ jjfl cL e>y too jo* » ■ k. -J I (_> A o > JI 


: JSUf - 1 

>illj Jlla , olSj-iJI i_iL>w5'i jl JJjjil 4.1 uj icU-oJI J 4, t o . ,i > 4 J JSljdl 

jSji BjjJj li*j oljly—JI 4 oly^UJI i olyll l iyJyJjJI (j li . A l l l JS^Lj 

.jjiUj JjJJ JjSl ielLoJI jjls y> J^Lill (jl jjfj Ijyj . I j L o Ii Ml ( jic 
jj_9 slyll oUlj> j Ltf jo l .^ll JSTjll yAjjuo oljilll |> k« .« jl jjkJ lla j»j 
, J^LjJI 4 ^j15L1 jj£MI ^l.«'.»‘il (jl xk! fjj . JjjxJI J»L> olcjjl.M,» ; Jjllll ^k ..»l 

oLAjjjf. cu U.* Leyi Jj 4.m 4 > a ll OjLcui'jl 4y>UJf jo (_>oaJ ^Jj I .mII Jfflj j^l 

UJj JS'bJI • Jjjjkil 4y>Ull jo 4ylfc jJJy too JiLJI JjjijJI J^lj jisJI 
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j fta (8) 

4i>LjSjlt jt OjLjJl jl oi^il j| Sjjill (jj j_jSi J3 j|^« Jjjyj Jl 

<jl ^-U ll (j— aj . CuLiSjil j J > y ^jlJI v-ulj-iJI jj |jj»j 4 <uj ^jill 

(jjLlu 'i j— Jill ^tcwl <j»>J 6j_j«ail j JaJjjjjuJI >i>lxSjil 

jl^JI o«-*j <-il— A sj^-Sj 3 JjJ+N ji ^ J+ejjJl ^j+* JbJLj 

4 .llj'u jj_$J I ^L<b>l Lf. ’> < . J5UJJ JjSl > . > . i ..i l l { jj> L^Jlj j — >■ J ^jbj LuLulAII 

j J5liJ! La T il >ilJj5 4 - + A | ^Jtjj 4 4 

. ij^UnJI 

j_i£j JLlJLj 4 <_x*aS|| ^JLj j_»I ^JLeJI (jjj J5bdl i>*»lSL» <ji jjvJ IjufJj 
O^uj-All jlj.c'il j j !■+■> 'i (j^- cxi -aJI JJvj tjj . ililL 4 jjSL»J1 

. j k . aJ t ljj> OOlSl 4_^L,Sll J-d3l Jt J^k-I jj 

: J51UI <L»SAl2>.»4 u-iL/l 

I jl»ol (jj Liuy ijL-aJli . JS’UJlj ijuaJI ;j-u jji A>J 4 i-ull >ii£> (jj 
ji JpUj *il ^aU J5ljdl (j5Jj , 4ju»Ui j tjuo iJL> j L5 jijJlj 

, *il L..*aL» jl5 (jl^ . jjj'il jl jjil£JI i_>lL5i j ^lx*j£ jx*j 

. |jjjJL> j J5UJI a^S^uLSA 

: ^Uaj^ J5l3 — 1 

So— >51 4 4 jlji>*5(! olSj^vi j US’ J51i)l <>* £yJI Ioaj 

. <jU*Jl l^L^jUt o^LaUjJI A— >Ijj J5U)t j5j ‘ 4_iiJlj ^L>oJI 

. ol> A-j j jja^JI (^>^-5^1 jL>Jl j US’ . jls 'if £4 ^1$ jI>jI : Vjl 
2Fe + 0 2 > 2FeO 

J 4 >a>JI \x* j US’ oJjj Ja-ij j ^ V £4 jJ& jl>Jl : Uil5 

Fe + V 2 O 2 > Fe(OH) 2 

6jl_^_»- 4i>L>jj jJla JIAI j 0 1 - i— « ,! j^_yJt_j J^J^Jt (^1 jAtyt <>*j 

jlill J ^ uA l Jl dl&A Jj-aaJI cj Lv> m 5 jjJja ^1 , i^jlp 

. jl>0 <UuA ^ic «.lil 

Fe(0H)2 > FeO + H 2 0 
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£-• Lfielii 4-oil I J j4 ]a± US : jiill g A »>JI Jpli j : LSJIj 

• 'r‘k> yr j 

2Ag + H 2 S > Ag2S + H 2 T 


jI_j_ 4 ^jJLe *Lil £>-« 4_ >.|jj : Jclii : IjuIj 

. 4jljuj 4j^-oC 

M + 2H 2 S » M(OH) 2 +H 2 1 

iJjljJl j l*£ »lil ^yt v^l Jl t l T ill £i *lil j (j^O-J-tS^ll JJ»Oy U IjJlSj 

: Sjfll 

H 2 + '/ 2 0 2 > H 2 0 

. Jiill _p»iil ^S- jJLiJI (jlyj j fr t i S u$*ij 

M > M ++ + 2e~ (1) 

2H 2 0 +2e" ► 20H~ +2H* (2) 

M + H 2 CT > M ++ + 20H~ + 2HT 

iju-o viLljj i— j jS-t j-lill oUyl £» oljj^i (jl Jx>^UI yjj 

. jl»j->J1 

Fe ++ + 20HT > Fe(OH) 2 

j > l jii <Ux-il yi jii J^>L>j : Lu»L> 

M' + MS0 4 > M'S0 4 + M 

j_» L»f ; (iLw^jjill Jm>) *UI j ol ill j^jjill jui.iSI jjjli : Iwjlw 

; 3JjL* 1I j y^u 

Fe + C0 2 + H 2 0 > FeC0 3 + H 2 (1) 

4FeC0 2 + 0 2 + IOH 2 O > 4Fe(OH) 3 + 4H 2 0 + 4C0 3 ' (2) 

2Fe(OH) 3 > Fe 2 0 3 + 3H 2 0 (3) 

jiJ jjJ j.) >-11 oIjjjjS^ ( ^l a j« u >i l £• (1) 

. Ja o fJ (1) Ojk> »Uf j 

.(3) pjj SjkiJI J US’ Ijlms (2) S_jk3Jl J uoSjil (jo,* j w 
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i t 



u 

— -sun (8) 


jLkj^l *L» (jt fj— 1*11 t>» wjLj/iUJI j jltwVI *U JUaIwI ^jUJI jsTjJI : UuL> 

jj *ISI oL,xIf JaUu ^ii u i > . jjLtuJI < I jjii oLSjil uojv 

cjLj jl oIs^aS jjJLc (_vcu«j (J le el,JI ,jl US' . cj^jSlII 


. JJjIaII al» j US’ j^IS ^4 U $ U JS (JpUj^ j5j . SjluJI ^.i.*‘)».ll 

McSOd + NaCl 

(*> 

MgCl 2 + Na 2 SC>4 

MgCl 2 + H 2 0 > Mg(OH) 2 + HC1 

Mg(OH) -*■- ^ ■> MgO + H 2 0 

^LaaSj^SJI JSU! - 2 

jl^o jjj-* t _j-U ULU cjljJill ^Ja— < <«JLJj j^u <j)j ujlLiSlI cj'iU- j US 
U$ i L u J— ojUj j yjJSkU j J}1»- 

j JSLl j I — »5j .jjJISl!! jjic jjlSlI jjLc i5_ji>o Jj^l 4lUlllj SjkiJu 

jj— »- c J5L» j l_»5 t>oj^l j ioL,<_jl2j| j tj_><aJ! tl_» jj i a.Jajll j>JI 

Jl .Concentration cell JjSjlJ I ji Ls^ oli *U*SJI 

: LfJU Sj^lS ^Ijjl J -^yi} J^Ull I j-fJ <}} •«■.» iolU^S oljljy 5LU 

: & liuuj Electrochemical cell U^3» : V jl 

jlill j v_m1 yit - 2 oljiaJI ^Ijjl j — 1 

JjjjJI j — 4 jJUJf ^ s k .,. > jjIp — 3 

. (^j>j-kS^II <x»Sj OjjJI j — 5 

j ^L>jj j : Thermocouples 4-jjl j> oL>ljjj( : Lul5 

. 4..U.I jliJI J 4a.lt >< 4 ijLlJu 

jl JL*JI JaJLeJf Jaj k> (jP £& U ULcj : 4_ul^j& oIjUj ; UJU 

oil J JSU3I (jj £^ill !i* (jj Li^j I jJ . *Uj^SJI J^lj3 1 

. JfrrtaiH jj ( ^iu l $ t >»; silljj . aJj^ixV 
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J foil (8) 

<o*jL»aJI 4.t,..i,t .11 

Standard electrochemical series of the elements 

l*jl — uj jxJlh* (J jJI ,'0 >».’ MjjjUjJ .10, >1,11 JA>j JJLkLJI OJAj 


ji20 4-.UL. otUSl (1) Jj±r • 

Elements Standard E (Volts j^y ^Jy, (!) 

_ _ 2 924 4^ - 1 lj-*j eKljJiJI { J i- h all Af >» l l 

Ca — —2.87 ~ ^ 3*) ^ I L2JJ1 ^Lc Jj* J»a*JI 

Mg - - 2.34 >“ ^ ~ ol Jxa*!>U y> US . ^IjJLaU 

A1 - -1.67 \+*\y- j jJ| 

Mn - -1.10 n _ A (j-^« £*■* i/*-" 

Zn — —0.76 «_53 JLlI oljiiJI (jj Jicl* <ul>Lij 

Cr - - 0.71 6*>Jy-4* ~ ‘ 

Fe - - 0 43 • 0 * — j — *~<»)l <-ikU Ji— I 

Cd - -0.40 a_ui j ^Vii j-UJi ai» 

Ni — — 0.25 j Bj— iLu 4*1* l 5 jJ) ^iiJI J>w* J-><* 

Sn - -0.14 " . . 

Pb(II) - -0.13 it 1 * 1 J £** tSiJI j-UHj . o-^UI 

H ± + 0.0 j a — j ii— »LJI 

Pb(l) + +0.13 - . ~ . 

Bi + + 0.23 ^Ju ot^lill Ul 

Cn + + 0.34 Llj'Jll 3i**-i - 1 , . . " . . 

Ag + + 0.80 . 4 Cr* 3 ^ J — 

Hg + +0.86 ^-2 J^i 

Pt + + 1.20 j ii,U. - 3 

_Au + + L7 ° - 3*11)1 cj|jli)l oi a><3 |»J25 U, 

(jj 1-1 1) — 1- -0 oa j*-^)! diU-Jlj 

|j^*_> .ii 1»~ l^Jli d jl^Li Sac (jj fjjJI villL-Jt Ul . l-i*-> IaaJI 

(jAjuxlt j-li)l aj»J I— «s»tj .JSLsJI 31$_* !a*Jj jj**£ Jl*3 IjJ . 4il.~>. ^ .» 

JLU Itufj Ojjj* 4 a 1*SJ JSb* “4 AfjjJI j jJLiJI Ul JSU*_) Ia*-w C)j£i j^»JI 

. il)j 

*4 £>*_». j <Ai*J Jj~ S)*4l j v— < jAj . J*A»JI »^Us j US >il3j)l £J> J*A»JI 

, (JSb* "4j Lul^I I j*A-oa) 1 Ul JSU* 


Elements 

Standard E (Volts 

Li 

- 

- 3.045 

olj'il BaS -1 

K 

— 

- 2.924 

Ca 

- 

-2.87 

oI^Jj — 2 

Na 

Mg 

_ 

-2.715 

-2.34 

ih»*yU oljjj — 3 

A1 

- 

-1.67 

\+*ly- j 

Mn 

- 

- 1.10 

JauLi* — 4 

Zn 

- 

-0.76 


Cr 

- 

-0.71 

6+*-3j->+* 

Fe 

- 

-0.43 


Cd 

- 

-0.40 


Co 

- 

-0.28 


Ni 

- 

-0.25 


Sn 

- 

-0.14 


Pb(II) 

- 

-0.13 


H 

± 

+ 0.0 


Pb(l) 

+ 

+ 0.13 


Bi 

+ 

+ 0.23 


Cn 

+ 

+ 0.34 

olj'il — 1 

Ag 

Hg 

+ 

+ 

+ 0.80 
+ 0.86 

3*1 li- - 2 

Pt 

+ 

+ 1.20 

ji <1«L^ “ 3 

Au 

+ 

+ 1.70 


- 267 - 






i t 



I 

™auJ (8) 


Galvanic Cell ^uUl^JI <LJL*JI 

*— > — txSJ I jjlUjPj , JjL*^ j <jjiil>s» O i + hj (jj *J->J I CijSJj 

a i ■. < T *i I * y l»g j»_jj 4_,»i6j (j_j_sSll) j ,. « . n . l I j_* eyiJ! ^5 j 

£— e*> JjUII Anodic Oxidation 

Jljl— >M| 4y bd S 4 _lLc »Juj (JajL^il) JylSDl 
oi- jl» j — » L»£ Cathodic reduction 
tlLjyi ot_jyji J.— nftj'j . (1) JS.JJL 
(Jj J^J .I) .)■ ,.j ,\ >J I otj^l k_ X mXjJUJ 
j oL_jjj35u!'!ll jj >.~jj (C ) v-juJaSil 
4yiej iaffll ^>0 i-fJ>CL» i*».jl*JI BjiljJI 
<jl>_)1I oLlxJJI JjLuJu oUj^iSD^II ^ yJ 
JjJL>mJI {j* iyjjll oUj^l 
• 

. Sjji Jl J^UsJI SjjiJI Jy»J 3yjliL>Jl <LiL>Jlj 

J— (j4 L*>J->i iji 5j> <j4 (jjSLt tji** ».«.>• (jl Laji (jl Ijjj 

.v^.o.ll (j^ jl^jJI (jl £>* (j* i^y***J (^>L>ull <jj 

X>_JJ JJUt Ja-<yi j ^jlill <ji <ts&) . (K « f I I) (^*1^1 Jl (JjwsII) 

JSLi jJLe*i| ■> . j ,;, > .JI j j-^> {>x>y*zft{j Leyi Jajj^> (.5 jJI jjJy-XaJI . > v fa *5 j^J yA 

• ( 2 ) 



(*) J 5 -* 
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foil (8) 

C>* <— il>M J£l^* J£ll)l (>• gjjJI ll» (> vi!3j Jli»j 

^LiLfcJI JSLiJI (jl j_»J lj_ 1 . (k»^ II) ji^Hl ^UcJ! <jj&£ L»j^j jnuall ^liu 
i^I j_.,A!l 4 ij) L,>»j jL woxUoJj jkx-ollj (ki^ 11) j^JlaU Xjju>uJI oL>LJI ^ie Ja2*5 

jj-Si Xtj^u jJSLju I^jl^iJ Xj .>«.<•>> 4cki> (jl i_$ I . Ju.cill oLm / Jaji^il 

. Ij.i.k B 4Skt» (jj 

I J-oiJ *JUjCLJI (k.nll) ^J.fil^jll JSllJI UJ«I c£+<!J 

JL»1 <jj ^u5 j ic_y-4j jVjuil ^ jJI si* Ji» oil" SJL>JI a jji 

. y-l»u]| ijj ^,til jj iJLuumiL I ^jliLcJJ J^LjJI 

: jjS jjJ( <ui> 

C" - . 

. j£j jJI ^ ill >«,» y±J_jL>U J £>,) aytM a>-lj 

L_lkij| jA i)l»JI OJA j v_jl>_jII t-l k zilj 

. (Anode) JS^I j 
ijj kj0 II Jl JjwxII jj oUj^SJ’Sl jjt-oj 
dJJjjj 5 j_5IjU dll — » dM»- 

(jj *?«!! ^yic- 1*5 kj $ 1 1 j^-oil Jdljj 

, <LjUl»Jl <ul>JI (jj 

: j-}5 jiH £l^5t 

Oxygen Cells - 2 Metal ion cells oU^Sl - 1 







(4) 


SjjiiJI oljjjSn - 1 
>-Sjj <■*!>■ (4) JfLill 
y-» JS’Lill jii CjUjjS 


. |>,I .tiljjJl 4k U-all 4. zki ll 

i_5 kJ I <uki* ija Lujjjl U1 5 j 

J-oUll gjjdi (j j’i-fc i. rtl l iuji! 

5.1 jujll 4 -J, kill jj . jj*>.t.n1 l ij+j 
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. l j . t— .... c^Uj^Sl ji$y j jSJi i*ilj <5J> j Jit-JI >. * I ,; * ■ j* 

. jliJI LI ^>1 uj^i (C)<U2jJI JjuCj (A) 4ja2Jj| Jg£ j,^* y> l*£ 

4- ,i , I . V |jJ| 4 . hi’JI jjSj (5) JiuiJI jj 

(j! (j! LjJlft I ji$j4 (A) 

(A) ' iCj £_iUjj (C) i_»ui!l j 

<. iiU j Ij-Slj (j-ia,! Jil—JI jl (jj 

i.mhtill <Ll «yj)L I (A) 4 UjjJl jj_£j 
(5) JSb • ^ ,JI ( C ) 



: jj$y UM» — 2 

j£»_j— »5^ll tiilj <_Uiiil (jl <— a**l (_jip jSji (ji CjIjJL £^jj| j J lA j 

jjJLfi 3jj»J *lj>l <j£»ij . K‘ < H jrfSjSJI J 

xjc . »l_j a_j tUj j j’jfyui (jj <LhJL0 JjIa'u >lU jj . l,£L»JI (j< ^jJI |jj» 

. ( ^.JLc'ill <.S U~il l (jj- ..Jl 4 -j Ua II j j* ^ I (j^ Sj JfLjJI (jl (j<^JI (jj 5jU 

Jjkjj Ji-^l *lil jrJaw <ji Jl Cf^ j v^H j 

(jl 9 all lj — fJj ^ 1L -Jl <iU.il I (jj jjjijill J ^jicl j'ijill <Uj5j -U£ I jl 

. (6) JiiJI |jj* j j^ii LS . ^^lfSl <iUill jg J5l (jj£i (JS'UJI <jl*£ 



(6)Ji& 

(_ji_^'j| jx>^-. l .» 5 P > il) Uax4 4 4j j(.*i »I^JI ( I ) <ikill jjSu J5L5JI li» j 
(i_>) J ( i ) (_j5^jj (-**) iUiill Ju£j (Jii J_jL>vJI j JxftSl (i_>) <ikillj 
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oJLtf i—iLo'il jf tv~j j LiJy <_ 5 1 Fe(OH )2 <>• *LiP y 


. (-J*) iikiil 

Passivation olyiiLI SJULaJI 

(J. J ...» *j | lift ylj J-«JLal! lifj j-oUuJl i^jl j t jS jyfSil iLU l j UyJaj j] 

. (JSllU jliJI yip j±i£ y,ub <i yltll jjsw A »,uh yl (Jjj yfjj BySj J^jj ^ 

4 I 1 — 3 J 0 jliJI £viw JLc <£wbjj 4«jJ» JjU bji JfC.thjl yUJI £« ,JSll!l Ja~/J Ijli 
(JSL*JI ^jp) xJbli* 3Jl> j ^ j u ol j_liJ! y! Jj2j <jl £>Sb^ yliJI (JSb jly*jL»l ^JbJ 
olj Jii l 4— ^. b ljJI ytfljiJI CjLjlytu . 4 J LJ LJI J yLUl J j y*-*j 4,licj 

JJ-i 

Film theory luWI Ojlai - 1 

i^L-u Ji-fi ijub o-i £- ' ^-l>u ji Jja>JI 4 , > I »P yb JyJI ySb^ 

. MO, Cr203, PbO ,Jii 4*J^I 4j«uk)l 0 la y_j£j b LJltj yliJ! ^Jo_ yip <J|j 

Electron configuration theory t-uS jjJI SjjJai - 2 

, j_ U . I J 4_^>-jl>JI oljljJ! j oLJjyS£L!*!H gjy yip L»L»i ■>« ' i «~ i^yiajJI djl »j 

oU^iaJI j bilj yy£j 4^bL»Jb U bilj yj)l oljiiJI ji y_elb Jl yi 

(^1 4 JjJu>JI 4 oJjjSJI 4 JSk^jJI 4 ^jySJI JS* JjJl»JI yj <jJtSX5*ill 

ibis' jii CjIjIjII y» oijjl^Lt viJUp (_S I ibis y^Cj 4^Pyj 4 ji > lj oljlyj yip (_5yJJ>o 

. <iUj yl-buJ <11*^1 BS» yj y«=L*J £ySJ j 

Aluminium j^uc 

LjbJl y-oLbJI i-gj« >.1 j i-jj l . L UjS jj^SL!l 4 l . J , w J ^ yi y4 jkPyJ b 

i^jbJI i_^jj>Jl J_jI^jJ! _yjb O - *- jsibi "i yl 15 I ilbuJI i^yllf olyiiJI yJ yJUA^J 
y_~oi»i . I^j yj-JI ipy-JI ei-fj ilb Lf; J5Lli ^jjj! i!_^«Jb_j 

yj ^4 10 ^ X 1 bj <£wbi» (42 j1») I»LSp y_jSi 

y_SJj 45 j]» yjySj Jsl>^U IbU iJL> j bi . (JSljJI yJ jjill y « > » ~ 4ijJaJl B i»_J 

. JS’UJI yj jJjDI i^bj> yip Bjjli yjp l^jli vil) jjj 4S-«bi» > T j .u,)I 
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Iron jyd>JI jaxp 

K JuL>il ujl -* >*^l j * . mi > CjjHi jli (jli Jju m L* jjic UlL 

j^jll <lLjj_DI (_) A . » > J_l» i^yJI " ' ...<jH j|j_ 1| (jl ^j[ , ol>Jj 


. ‘CCUU 4 lyi^j 


Lead osUsjJf ^*alc 

(jA » > l ji-9 Jfflill 4 L i, l «g (jj 4 .; «>« * Jl^ISI (_5 jJ I (jj jJUWj 

sj_* <jl m «£3 jjjsLjsjJI oU^j 5 (jj 4 . j lujLt j AAjSSj a 2 ^ 9 j h 2 J> JSu^ 0 ^>- viLuj _^£JI 

j_a (_)^>l Ja»-^Uj JS'lill ( 2 h (Passivation) <^L»L>Jl <^_oL>Jl 

j vtUoSj CdIjItJ—JI j ot^jlkuJI k_iUail J Jujuj {J jjl j^uaJI 

. JjLUl j ^. ^aI I 

Chrome 

(_y»_ij a>l^ *jj-UI oLi j~alt j JL>JI _y* l «5 

ol_>J JS’Lll j> j >C 4 _Lv>Jj OJj >*jJI (2>,J*1! <±>j* j&Zj SJj— 151 (jJ 4 ^ 5 lj 44jJa> 

<L,yi <o_i < L 1>1 V Jiuiy 0 ^>- vtllLuJI j jmS l»j£ yAU^Sl 

- fJ ^5 o^lL> j L »5 j_V 3 l >UJI V 8 J_»Sl ^ jifc'il JylflJJ 4 j.,«'i 1 U Aijm 4 ju«uljj 

j-lili <JuL J 5 -&J i Al^> JSUl <fv,u.,<.l l old Jl* . J£^i — cj^jl> 

: 2_ul3jJI JjJsJl 

( 3 jJo 5 j_c Jl J^£>jll! LJuSLtl J 5 ljJI Iij*l o^>I ^yjJl ._jjl»jJl 

. JSUJI 4 l >Up »1i jl ... i i.-x ll 
; ( ' { a J 5 Llll . . m >* f Lj. .. ll jJUl # Iaj 
* . jiill itjlit SjbjJ wliL«( J*£ — 1 

\jySu Sjlll OJA (jj£j J 5 j JStaJI itjlit of J SjLaj jliJI (^tuS! — 2 

. XiyAS’ OjL# ji jjj ijjt 

jxS yj OjJ_>- j JS'ljJJ 4juaalU jj »■■■< Jl ^.aSu Ltj^C Olj^llj 
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J fcS(8) 

JSliU ahtj (^u!>U! 4 <JuUl . ujkjjl Lfl» , oljli — 1 

: Jl ^Lu Lo^lj oljli — 2 

. (_>«Ltf^JI . 4 ^yjytyl H I LfJUj JSijdl |>jLSj OjljJj — I 

. Lfl»j JSi3Jl pjlsj 'j o>ljJj — v_j 

J_a }LA*J . 4 'j^ . ** ) jlDf i»l jy»\ so* jLieHl j (ji l*y£j 

jyjy »L D j j^j->JI <j* 4DaJ j\ . icL < JjSuiJ j ^1».)I7| <j* i*k5 o>y (ji 

, 4^3 'll I jjkJI i»U JSl*J! 4 L iUg ij^J 
Organic Coating i*>— »* ol»^U» - 1 

Inorganic Coating 4,.^^! oK^Lb - 2 
Metallic Coating 3*j Ji cA^U# - 3 


oUHUaJI : Vjl 

t Resins olOLb 4 Paints 4_^Jl# »M_b jy-*\ oa_e Ja-Uj 

. jl^bDI « ^»aJ| pljjCuvU JS'ljll ijj^] £\y] cJli»j . Varnishes 

(jl i>S±t pjlD 'll OiU^UaJI all) Jl# (jl jlaleHl j a>b (j! 4_x>oj 

#bj j Lag'll I (j Ji — / u j 4ji HJ . 4^»JI Jal_jDI jDu J Z 2 j 3 J3*lll ^yic jl (5jl>J 
JlIp jljla-'il ale (jlftjJI (j# 4 .1,;, «. « 4 j^ 5J# Jl (j^ul j ,« u ifi ll J-ojj k_jjl>Oll 

jlj«~ .,<1 £ - i #j j .,1, 11 4_^iiyi 4jubJI 4jb j£ 4jLa# ISjLj jr-b—JI ; j*3 Jaii ^ JauaJ I 
5jL#j 'jjl jJDI (j !■» ‘j (ji OUsJI 4 JaJi JjJ «L>^i 4jl 'll! . jiDJ . ,» l . l jljl>''lll 4ja£ 
jl ^L-o^JI tuljjS jl j*>-'lll (_>a>Lo_jJ I -V-Al J 1*5" ojljiill j^wLS"! (j# UjIjj 4iLe'll 

(Scale) Zj-i3 l_J jj-Sa olaUDI o j_» i_jUL> a_«u j-aj . L^jJI ol#jj£ 


jJDI £A*^ 'll Cj£ y ^ (jl jJDI ^lv *ll Jl oljlDI £a*3 ii ^>J 4, f\_ i«.# CxaJj 

juaStjJf jIj# 4jul* (jj>- 1 SjL#j ^L-JI jl a>Sl J Lm . JS^ljJI j# 

(jl i>'lll Joi U# . J5t5JI (j* jliJI 'll . yZj£y (jl jiSJI ^b-< JI 

. jiDI ^Lu# Jl aa^tjJI jlj# Jjji 4ail# ~<iyAt- 0 jt*J ^ l auD I 


Inorganic Paints <u^ap V oU^lb : UiU 

oL_>^UJI thJ I 4i<ljj| j L*5 4 4_j3j>JI jlj_ll j_le oU^LLJl »j_» J» , 5~ j 
Sjbu6 4DiaJ I 0 Iaj . jjkJU 4jy^~< L^ii Hi Bjlj>JI J «•>■" ^l_J.' 1 1 ojj»j oHLaDI 
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( 8 ) 


jj jjp I jIjII 4jJaill yfctij .UJJfcJ! ^ic ^ix*3 liiljLxjiJI yj 4 AjJ» yP 


‘100 8,1, 


3 Fe + 2H3PO4 


Fe 3 (P0 4 )2 + 3 H 2 

Thin layer Coating 


^Ia_ »JI yj5J) J^JJfcJI yA*jfc jJplilj "ijl < ^I . « a 1| oi» (_ 5 y»oj 

3jj j 1 4_ijla ^j_Lc J_<aj>ui oj-llj oj ' j i^iJ I y_* 4 I .uli £~^_yj j^a»J! olL^^i 

. <-111 j k—jj jj *ilj jLsuWl 

0 j_Aj <Ljy»Jl Jj ^ Jl jLI jLfc ol k >^j LijlJI jljll Ji J jIaj jj 

Epoxy SjL. <>j i_sJ» j_5j Epoxy polymide ^1 0^0 y5!JJl 

, jJLdl fl^ Luc J I JS" TjSj JjyJI oli[^L> 5 jU . c* phenolic 
oiKjlj.j ^ (_ 5 yi-l j>j diSyJI cil^u (jj 4iA a *ijl : ylyi^ll j Li 

• ^yj 5 ^ 1 

<ujti olO U> : ISJti 

£ljJI y_* yLtjj jw>_^ LA . 4-*»L»- oU«eljj ylill tLLc'i boa 

: Ixaj 

Cathodic Protection <. iK«^ ,o SjISj - 1 

yj-Sj yi >.. . >-, ^i j . ^j-wL/Sl jJiJI Xf - > y_* ^j-ici yli X f>- yj£y 4^3) 

i—iLkj'il J I ■).. « . o » yj_5y <_j— jJiJI yl jj ( yj 0 _»JI liijJ > 4jyA A^kijJI 

t yoL«0yJI t jNj-iJIj j^jjL»I) 4 ,iK«~JI y_» ^j_J! f j_A y_jj JS'Lji . v -. IS . v igj iJliUll 

. J5i^i)l Cy»L>aJI 

Anodic Protection Sjjjmpw 5j13j - 2 

^y—LSlI jUI 4^ij . jlill jLf>> yj J3I 4 jl» « *il l jii xj-9- tjj&i <iij 

L_ikiil| y 4 £^jJI lift y»j -V*-ail jjJj »jij 4^kiu}| jJiJI Lj*> JaUL^I l jjJj 

. Sj jx ! 1 1 (. yJiiL^ZlI <j^A«.rdl 

: ^jA LpUJI j SLiJ.Sfc.~l.Jl yylaJlj 
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4 j_)j_a5J! — »^LLJI i j ■ « j 4 Dipping 5jf t^ill SjLIU j-a« II iijjJs— 1 
. Ju*StjJl jj ojiAJaJ JjO>JI yj 4fL>LU jjil jii Jl till. ,»l 

ejLll .-. j 4_«k2il Diffusion Methode jlAOiVI 4Juy£> - 2 

. pjjSJI 4 _yJ_a2jl i |»_yxi jj'jl ■ 11 »«*- .! y5Ujj 

^hJajUI tSUsJI <2^ji : (8) Jii 

JjjJI 4 <Uiitl 4 J4±p2}\ — B 

Plating by vapour of metal jJLkJl jL>o lixJy» ^>vkJ) 4-ikklll ijujf - 3 

X±£ jl^_. jJj 4 4 yU~ 4 >oo3I Jjl» jIjII 

4_»S^1I w! 5 a 7 jilc US a— «A 3 jlAJI jl»o ^L«j 

NiC0 3 > Ni + C0 3 

3_**U oljj 3-V (j-U jJiJI -uij Spraying jiiJl yij 3jyjJ> - 4 

l_» «!_>• Jl <2^isJI oj*j . (JSljJI iyt AjjISj -ilyll jlAJI 

. jjjLfai ^k-J! 4ij L i> jlSJI jjiJU ijilij 

4_j5fl 4jy Jp — 5 

Mechanical plating 

(A) j_UJI ^ kirf If— jj 

JJU (B) j—Liil ^)_j okjjSj 

L_4_» jJI ji y-UJI 4 
‘■—ijiii j . ,!_ * >«. * 4_a^L 3I o 'i j j j 

(A) j_iiU !jf> Ijilj 



t^Ui (9) J£a 
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J fta (8) 



. Jai£ jl 4 j^A 1 ^*jl-»i»* v_J_jlkil oljliJl j ^j30u«J D i»j 

<_j plo- ii^kH «i» J paiOL^j Electro plating <Lu^S iLjia - 6 

>-i..^_yLI) j._jjjjL£JI t o ^1 c (^UJI 4 i J5LxJj| />< ^loJI ^}LI j>-l 

jj_kli (jj (j-isl ea,jj> a iibj j>L>JI -k-;j j ^ jjk i u >__a ^JJaJLt ^Jill jln^j (4 j 

'j (4) 4_S^k)l kjj-jj- . ^ J A OJJ* 4ii^> . iijLJI 

Ijl (3—SJj . 4 1 ^ -**1 1 (jjL<i*3J 4—A^lalt OX Jfc . Jaii ^ll 1.1. ^ 

Li jDI j±ju ij& ^oL> JS'b ^ij jj>^ 4Jli ^jaII ^>1 j-> 4±jjj>- 

j (_yJu«aiJI — LjjUJI) Ja_ol 1I _jlAJI (j) . ix'lai>JI jJx-Uj Ijuj 

, ■GrfJ »h«.o 

J£_jU 4 ±x->.>- j|_j_ll 1 j |».'a.'.i.j <2^k}| 0 JJbj ; tiUsJI 4jb jlf — 7 

jl 3_.L5yi jljil—J jlj-ll S JJ* jJiJI ^h .v ^jic iji^ouJI jljll (jj 4Z,|ij 4ijJa 

'1 ' ■* jJ yjj iJjiaJ jli*3 ii^laJ I ojjbj , jjLiull jjj 4i.~i.tiil ioLSjII 

. J5UI (jj J^J->JI i,)l3j ^yic AtfLo 4aSL 
(j_i Ij—^J 0«j7l J->ij ,j33l 4-yalnli Lay *\ . * j iJ_jjJI 

i_j y>-t 4-4 1 jj . OjjJ! <i*y jl o^yi I o* iliLi oljj jlocj (jj "lljl 4 _jl>4 i LfjjjLij 

: JiS 

. (jjl«M (yt SjjjJ! bj Uyuj OjjJI (JjJLsC — 1 

• 3jjI»j) o^j^I £>tb J-^L *UI ^buj! 4 _jj. 1 1 1 iijjta — 2 

. jliuSl 5jl> - 3 
. al^il Jj^yiul oli .i jJ-1 — 4 
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J fc»(8) 

. JSljJI <,uJLe ^iiui jjAj l, u . < ? ,» 1 i L ^l> iibLJ! olS-uiJ! ojUa-/“Jl — 5 

j k-jyjU'il (jj£u j! {j*** ! • 0 ®j^l " :i > ■ * i— jyjU'jl j*t ijyu ~ 6 

ji i^>JI jLlill <jA jajJI US' 3— <JU (jj£J ^ <ikill j Ji'il ^1^ ji jaIj ^jiii 

^ U< jf jLaaI L$_i ^j_)| jLUIl JajJI ji jjUl A^JUc Jo3 l L i.i.rfi <ibull OJA ^JLxJ 

i—LuU'il ^JUj (j! Jj k_iljjJb 5_yiU» i_yjljSl! <j£ jjuil US . k_>LS>-j 

. »JjJ! «Lj.l, » fr JjJ <UjU J Jaj 

J—ilc 3JUJI oj_A j uu>ij 4_Jli *jlk jjjj uaj^ll >.u >.~ jjJs <Ha jj 

o lUJ . (5 1 >■-»■>«■■ -« JjiJI <2 j2aj JbfrLo* I 4 JS Jjiaj (jl jl ijuLj^S CjIjJ yi Cjl^jllaj 

. i-jyjljSlI jjU CjjSm 

_ Jjj'il ole I jt ^Lpj i_xuUSll oja i^U»Jj 

. OjAJUoJIj J3*il j\ oil jAJ Ijja k.jyjLj'il — 1 

. (jj*UJi Jl* Primer ijy <«.>i a »> (jlAjJ! — 2 

. CaLU.'JI! (jj <iijJaj ^Jai^ — 3 

. £*1 ^jA-Iaj (jU* jl (jjti* ^jSUij vj^uljSlI i (LJ — 4 

<iuU*^ll (jj j^AjIa <_}^le — 5 

J_i»lj ^j L i..,.i«ll ij-i v- 1 - ^ . A i i jL^ (ijJjjll oULawJI) cjl^jUJI <^Ua <11*1 <j*j 
0 j_ 1 IjJI oj> j jjjj . jjl'i! jj J j >. v . « t ii., AS . l I *<jin UJuj i^jUJI jIja ^ . .us) 

. ^1 «U JSLSj cijyA o Um jU" 

IL^jUJI Lul >■ ^yijj U.'^u « JSLu (J A jluAZU oja (jli *U v -juujo JSLjJI Ijli 

i_>U>J (j_* |»JaOLij i ,jLj| JSloA LaJ UlljSj . JSljJI iyt U*aj 

. ijjjlj jaj^ji 


Air and water conditioning *Ulj 

.. oljJUl *111 (j* JS >_ i jj S ju JSljJI -tLlo l JJjj y >SL»^ 

3JljJ _ji J-»jv o^a-Si J*a cu*jj jU* (^LS« j o^>Sll lj! 
jjj oj_ 1 o^A-Sl ^1 a <yjl>uJI (jlSj'jb ^ . i . n . j yjUll JaIj (j* 

Oj!j_»Jf <j— • i^JUll OjI^-aJI oLajJ j ijl>JI (jl >ilu > JSUJI Lf^J yyi (jl 
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j jfj— < ( J A M Lt5 . i_>jUJl dljjftjl j_» jJ^llJl 4— JJUMj 


. jl^OfJI jic <LtiL><alJ 

<_j3 <LjuijJl cjljUtil iJljU JJjj . Ventillation »lli Ul 

? — jlmJ I oi» pjjj . ^Lij OjajSiM <Lel>j 

. (jkLo j ^ J 1 ^ 1 J 1 j. i>. .. i . ~l | ^4 »y$JI o ** jljab 


: JStJI JliAl 

^j_Lf OJj_>uJI jjjJly 1^-7 jSLl^ JSloJI <Jl£j*t jo 4,11,1*4 ko £ljjl Sot Jl>jj 

Lfj — Jjj jaI_jJsJI o jla JJI j^ujLfil l jLe- li! t viliL-JI jl jjLdl ^.k. ^ 1 

4_15U> Mlj_«l <JjjJI j_j£j ^jjJI 4_iMl o j_^J jLki-^il oj_» (jjlij ^‘i. ..‘I,; LjJ 

6 loll idljljk 4 Jj^uJI dlolj-kj 6 loll idilJljk' Jij . J jii\ ^JyL^j ^Lt- ^i>j l^jLnUl 
M JSUJl <j_4 ^jill liftj . <jl-»jMl <>-e iftllo jlj-il jo LfJ li Jjloil ^k-il 
'j <j2j diljlj) ^ja—nol! 6J->lj ftaoS ' y dll j <£^o_ jl .jojLauo jli ^kw Ml i±j J_>o 

.( ij lilj'i CjUS^j jl 4ol~o jl_J4 jl^oil jo ijjSaj 4 4 -juI^o Jo* y 


4_Jt£ i Jl lift} . jiftll ^k-i ,Jk!j j by li y y i5 4ojft : l^llo 

j <— ilik jiftJI £}i (jic l. ' « r »«« -^k-JI jo iljil* jSlol j Ji»^ jl jSky i_jftJ 

idi— i^J j^.kll byi£ ittLuJI ljAaj j kj>^| ^jJI lift jl L*S . 4^loojSjj^-£L!t 4l..» l, .»l I 
J5L»3I j— i yJJI |j_» L *y*j i J ViH <. ^l>a!l t ^jjjojJMl wlily-. Jii 4-o3l»uu 
tj— »JI <LJIjj jl k ^. * i. S ~ Oift Ii» , Jjj^_jll j~ A . k . l I 1 040 4 4 (dliSJl) 

, ijjio* j^lol j ^h .o l l ja ^y k «.II 

^joL-k kLoj j j jlj plokOLol 4 <tUu«JI J JUkjJI lift J ^>4 j 4-i li) 

O . offa l fj—t 4_kL>J J— i-l jjj jLkjl 4. J..».J J J.\>j| ki>J MLaoS 4 i,jJL«i ,J3l jl 
jLS' Ijl Mj 60 jt < <jk«.l!l 4^1 »C ijjSu ity£ j . i_5_Jjk)l 60ft Jo« ^3 jjJ.itill pOk-Luj 
_jft iJUJI ei# j O 4 O 0 JI jli Mjj 4 (di yi L 44 ) 4.4* « yi J 4j5Ij 4ook> ( jk.i< J 4 0 . 44 ft] I 
4-0— > 4^3 OJO>JI ^h.o,l iiU yiok vilO> yi . 4_jl~Jlj JS’ljJl ft^3 lilOO^J k. 0.11 1 J- 004 JI 
4 - 1.1.1 * D ^. «_o I^Mlk LfjlSj . t j»~o^k I J^biJI vLiJl> % Lujj-i ijoJI li» 5_jO-a3 Bj-iLoi 
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J 

jjij J_i£ £^JlII lj_A JJL* Ja_*-}U L^>lj . £_» l^llii} J . B.1.11 1 

*ilj 4 ~Ju Jl J«ol) i jjj> j^LcJI JauiS (jx Jj <j| tli v L > oUMklb CjIjL-JI 

(_5j__>’I Ojx J5ljJI hj .j ; (jxj Jjjj JjuJ *MLJI 4^1«g C-ix- ~ j j jx |j_e (jl5 jjj 

(«^LUl) LAS (jl 1*5 . J5UJI J ojLij Jl i$jjj ijj.i i .si 4jl>J 5 jj> j -»- y du> 
LJjjJ JfL-Jlj . (J5LxJI) i. i .,_ nJ I Jl (Jjji Lx* . k-jJl O^Ui-l Jl |_5 jJj 

ijjjx lx* ^k .. l l j uiMii-l J5LAJI <j-» . (1) J5Li 1*5 ^ L-JJ J5L»JI 

. ijji-a <jJjjS OJxpl (j^j5il 4^kU* Jl 

Na Cl liyJjjjSiJl J_^L>u Cl Na 


0 2 4Fe(OH) 2 + 2H 2 0 + 0 2 ► 4Fe(OH) 3 

rust formation 



(1) 

U5 . i,uLil> l^tk (j^j5j (jg ojUfi J5LiJI (jx ^-el _j _y» l*5j J5lsJI (j* ^jjJI 15 a 

. kxfll jiil! 4ju*jJb jx-ail JSLjSJ ul yiJl (jl L^ti 

H 2 S 04 > S0 4 ' _ + 2H 4 dil.H 2 S 04 solution 



( 2 ) ^ 
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Air 


Air 


Iron Corrosion _ Zinc Corrosion 


— Liquid Liquid 



(f)jSA 


E.M.F. Zn 0.75 , iron 0.40 , SnO. 1 


(JiLdJ k— ». ' J Lj (2 JiLi) jjjISlJ! <ikilli 

^(3) 


.±**11 



j (ji. v ,.. > i i (J5U1I Ija Ofolil! Ul 

jj-Sj3 L,»!>L> L$ 15 (jj-Su LtjAtj ^^LeuJt £>p ^3U jiill ^kw j lk> ji jJiJI 

‘ 3^>vLJI tlk^! oi» £li j yjjv^-kSMl J2 j t 

<*jUI j^uSil 3jU £hj£> ^j-c .ieL^ ^yaii i^kc 

. Sji>Jl J^luU jbjj jl UAsj dUjJj t J5UJI 


Intergranular Corrosion olux>J) J>b JSUJI 

(Jkl.il) J5UJI >- J j* t Oj^Jak <J (J51jJI liftj 

!j_*j . 6jl — . 5' ilj jliJJ iilfLi J bu» i jiiJI ^Lw 


- 280 - 





t 



u— 

_iUJi (8) 



<t> x»yj jliJ! ol jjlL Jjx> JSlolf (jj £^ill 

jjj_> j ijL>ljlll ijjJl j t_£Ml>'il Ujj JSTjJI (jj ^ill li»j 

jjjb»JI) j.«- a1 1 y> ^Ja_J! tjjvU* JjO J! ^ Lu cjljjiLJI jl oL^j>JI 

Lit kjL-all yAj ^yjlcl Xf—> (hij H) oLujjvJJ jSljil J^ljj (olj^lLJI <jjj 

■lJI _j_* L*Sj — J5^) j*!ljiJI j LAiI fj* • (Jil 8 X $- > ) ^h-JI 

. 4 tjl— ' j^£ t^le 0<Jl/w jl 4 <ul>J Jju JS'ljJJ tjoj* jy <Ci£Jj 1-Wi.Ll j>jliu 

(jl ^JajLxu j»°900 — 600 Jl (j >» ..*j !— i J i«< <. (J ,.f' L ij j>L>Jj ^_j2j L» AxCj 

. jL>li» ^L»JJI Ja,ij- jjJ» Jsi»}G 

5jlj_>JI (jS J5Lij (ji L^ji ^ jil_»JJ 5j__iljLi : 4i*s5Ui 4iKili : *5/ji 

(j_i jJLiL! ^_,uj£Jl Jl_cuj j>J— £ Jl 1 JS'lj (jl ,jj 'ij 4-nAJjil 

. jiill o Ly »» 

4 ji° 700 — 500 (j^_i i_iLuil oj_» i_>jj iiklil oi» : 4h~jyL» AjJaixt : LjU 
J&jS iiy* Lfi* (jjJI iitull »jij . JSljiJl ^1*3 ^1 iikill 

. (Cr Cu) •cSLu—JI (jjj f>jjSJI 

y JSLiy »-<- 1!> AjLo^I (j£ OJyjo iitull 6 l»j ; (OJL^jJI) 4jjljJI ‘Utull ; LULj 

j «_j}Li>l vJL). > .^ | ) Oj— < jUdbj <Ja_~ijJI 4 -t hi ll JjJ— >■ ^ — Lc J*J^5J) Joj^T 

Jl i5jJj ••>■.« ly5L> Ltua JlsJUj Wjlyt'j o L^f»J l j£\j* (jjj «-j yS j3JI 

. <0ut3j jltil (J2JJ Jl ^ JSliJI 

I oj_cJ»-j <yj*!ljiJI olcjj’i -oil J |»Lxill (j£ Cuvllif jUab>Sl 8 jj* Jli t_juL>uJj 

. ol_jlx*JI el* Jjli jliol . JjjjjJl oUj jjLu 

. »Ulj ^>1*11 j^jjjJlj ^°1 100 (jj (ji^l (j j j wj JI — 1 

j ejLyj Jl ejl^j yL Uic i <5jw . l l j OjoSJI <ju* 3 JJij — 2 

(jj>L i.>o*jl (jl_j L*ic 0.12*/. c 0.06/, oi—> ^jl jjj byj*\ *+*■> 3j jLoJI o xi 

. 0.02*/. ^1 J ^ 
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i to (8) , 

yjxxt Jii ^jySbJl Cy yisl L>v» (jj£j ijy-l of jii 3iL©J — 3 
10*/. l J_SbJ 27/ i ^jy_S 63'/. {y* iLjSill 4S L — J I (jl j_>-j (Ti) ^jLljuill 

<£j j -> a LeS . 4_J j^juJ ! oUj jI 1 1 j j jO >*...) j ejjjk- Ljj 

4_liS ^ II ^ie ^LoJI Jjlj dljjll JS'ljy i..*)j> t (_^L>o — LL/jH j Leyl JSij 

LjLijJ) y*L»Jj|j %ilijil y^J Sj^jL# ly)l> yC SjLf Ley I £^i)l IjAj t JyjLva 

LLJjj JSLiJf lj_* J2u i — * l>* y-SLayj t i—uliLv lyjli- ^yAj JjSISJI y»L»uJ|j jySl 
0.05’/. (^JujCu'i 4 i — . .». u LLIjj i i JjL« oljiiJI o<9uy iiLob 

: 3*llaJI L5LJI j LS JSLJI <> j**J| x>y. US' . (Jjj 30'/ <, yUi 7.70*/.) 
Dealuminification " ^j^^Tii iiljj" - y-Lb 
Denikelification " J </■« iiljj" J - y-l»J 

j ( _JL*ill jl . 4jyJ j yjS*il -X*~e»il j LiJ^O JSIjJI 4ylvC 0*iL»JI (ji jj 

. iyj LuoSJy^SJ I 4. 1 -J.JI 

yJu (^1 ji Sjytuail olCj«JI jl y^ty yC 4j*jUJI AyyuJI iijj.La- jl l*S 

LlSoI ol_je»«£JI ajjtj . ^JJLJI i$y*J j oly*J L>j J l> Jl (^jj,) JJLJl t£yy> j iyiy 

iyil^ll ^J . S fr^l tv S t £j±»o ^vliil jliil ^k., < jjj 4yjL>y oLl2i jy*j yC 

yl. i~ JJ oLlZiil ojjb Jjjkj l»Jj jj . (JSliil Jj LUj JLUJ jiAJI yOyxjyj C ^LuLlj 

L&jjJli ^jJlj t jLkjJL 5_L»J 4j.’y-> yS I (Jyi-I 4 a1xu JjL LjyL 4.<Ja,*u .twjJl j 

JSLsJI 4 jU » , l UbjUisI yjLj L*jj j)-*l oj_* vJLiaj . jySjxJI j vj5L>-l Jl <^j_p 
jlill ^tv^J yA*J j |> J-eu JJLJI j u_ ul^S jl Jl*j LJ . 4jjL>JI 

Juu 4—j^Aj Jl l—AjjJj ^jJf l ^tsv-JI j JjCjJj yi-Sj jl 4y3l^ll 42jjaJI 

LfJjjJ .1 jg jrjlyll Joe 4 jJLcJI jiLv>Sl (jl US’ . J5LL! 4-0yP 4 Jjc>Jj yklill 
^L~j| j yijjLv Jl (Jjjj L^Jli Syj-i-e Louis’ j)j 4jlL> |>Lv>b ^Jajyll 4 jJL 

. JS’ui! 4_<i j£ 4jjv>y Lva jliJJ ^1^)1 

jjiJI yoy«jJ ilJ jj iyjyjaSJl SyiLil 4 jLo^I yC ^jb ykl JSij L5 
jvj J...<Sllil jJiJl 4jjlSj vjlj«-oJ Jl OjlypJf 4jVjJ j ^lijj'!ll Lvl > 4aJlc 3j|y> 

4_evjJ j 4_ylL 4 _«jIjU JbyJi>JI i_J— iSJ j>JjLu I j— aif yl £ »_ > ^j LS . 4jS^lj yj Jyyj 

j>j i««lt ^ Igj . Jj . rtS ’l yJ »UxP jl ItLlkP y)^i v*J L >>' . 4yJl*!l OjlypJI 
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I g- " , 

jji 4_»Lej £_# pj_)_Ul J~ai* (jj 4j)lil ^ (j5U omi-p dUL-JI J-oil 

JjL« j ol_»Li«^JIj <jl_jSl j S^^ISLj oUULaJI j i 

. 4jU ijl_^> ol*jJ j jjiJIj JjjjuJl 

<jjojj5Dl C 4 j u.>j^ljj| oljUJI 0 j->ol (till jL>o) jl>o)l ^jJI ^i».-» * ■ 1 I ^jltj 

j JSUI Ij-a J-i* . 4_Jt«JI Sjfj^J! ol>jj J oljiill JSU) ^5 _j 5 J^» l$J 

4_jljJjJI 4_JjJUJI jljll (jl ix»-jJ jiJj . 0 -ieLo.'Jl 5jjo^l ^JU dll jj ^JL<->1I 4 aU. 1< 
vSijil li*J • (V 2 O 5 ) «^uu Lfiljl>l Jja* ^jjjjlill jualt t£y>£ 

jJlCj s <jj iijSUl 4 ?C ^i. »l l i_jL«! Jl ijjjt Sjjjfcj (jj£iil 

1 1 JI 1 II Ju« xi^uuJI ijjli* (jj iiLLJI <SJamJI Jl 4,«,l’i V» u,ji,i J5j Vl I jlj iiLi| 
, jljjL>*il £>£ ^UJI oyjj£Jl Jl i£Jy dDlSj 

L»jJLg ij^Lj^l ij—t ^jJJI Ij-aj i jydJI j^iU . jl^^l ijfi ^jU JSlj Idl 

joLj Jl$ — >JI |jj»j . J^jb Cl>j 4— lij CjJjJI j bjJK-oj jjlJj Ja~/j j jlill JJk-^ 

ij_u flj,'_a jju <di^> jjSj lfieli-o <UL>JI 0 1 a jj jlill ^Ji_o 5JL*- Loyi 

J (j L »..<a~a>>‘UU 4 |il««ll e j_» Jju jLf^fc^Ib ikji-oll 4jLkill a 1 a j 1 fl l ~l l I <Ju£ 

^ix-d j i_i!>tjL>! ixx-^b 4, >>w Jb U JjiJI 4jui'il Ol»J 6jl_^*[) 4 <j£ ^by-jjl icUuo 

(j£_j I" -■■& Jjv^i JjSl 4«ti’illi ( 4 ^jLo (Jjl-lj 4.tl b j 4jui 4ikl» JL>j, > dLu>- ^L>jll 
4-Zklll 0 j-$J JS-U >»^ 4,kj.«u 4juj OjU Jjyj iijlll 5jl_^> 4_>jJ jl«J olj^LLJI 
3 LpAJ j tolpl*** OJul 4 j ) Lc *Xi*^ 8 j 4 ^>! Jblbj 

.(^bjb <UJLaII 4 , ’ i j l il l J5 jLfj».^l JbJbj jjxi (jjill dJjb ^5 oUL 

4,_2ia.‘u j jLfJfc-J ijj£*i di|i„> oljlill iclLo IJMJ Ij) Li) ol>jl <4^1*11 oIa 

4_^» oL5 111 ( J^-sfJI ■!»-»■ (j— 1c jdaH iiLo^l (jl . tS>>^l <> 
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J5LHI 4Jju»] 


: S jjj *_j05I — 1 

JS’ljJI ytfLil Li j 4- ~ . > jtSLi 4 ,J£LjJ! £l^j| 

ijfliJl yOJ jji)! j£jl j»3 . £>£ JilliJl j£jl — 2 

Lk£MjL**j ^j_cjjJI M-S’ j vl>jL>JI JSUI ^_5 a _>,! >J I j 4-uli-L>JI 

L j jj - o i j j JSUJI ou£ jyil lrf^L> j XiixiUl jS ji — 3 

. • -* b I 

(_>ol_j_>JI ojjb ^ U j 4 liiljlii! ^^iiLiJI i_yo ] IjiJI — 4 

. yi.'iL L 

, Ifli (J j - o A ll lj jyil pJ . (|>4 3^13)1! iiiiOL-JI JjisJI j£j‘l — 5 

. i!L» j ^kjJL Li^«t.«ii JSUJI jLSLil _jl £l^il £>* jL al >Lj — 6 
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Electrochemistry 


j Lfji s ^ui l ( _>ol^»-'i'l jj 

jljjJI jjj* |»jj vi i£» . l^J^La- jirf3 Ljic ijfjjjill ^j^LojII jp 

j£JU jjJj jjjull j OjUjyi£Jj JyiO l*llj (4~aiiJlj ytfL>Jj|) Ji* 4jj.X*ll lU^LojII 

ji j_cl_j2JI jl oiLtfc’Sl) JM> , ^SL ^l l JiLtJI j 

. '—jLks'il j_le ^L^jSJl j j j jii l_l>Loj «j Lfx>La^ ( S j^xlI I ^}USl ji 
^j-Lc SjxiJI LfJ - n ill ^LiSl ji ^Li^l j jl^_il ji pjL«II j*j 

iJLo^II jl «L x u 1 > 1 jjjj£^l*j| cj^L^II ji JjLxjJL ^j^SDl Jj-ejill 

jLjIJIj j^jull jjj ii^Ull JjUjy (jjJ) ^iJI li* j ^-ojllj ■ jb^ll 

. (Electrochemistry) »1^}SJL 

Electrolysis 4^-^* ‘■k^ 1 

aj_» J«ojj (j jJI JjI^jJI 3j 3! ji U » *> «,< 

J^L»v» ijle c5jl>j (1) JSLiJI j l»£ 4 Jl» UjjJ j_^» ji i—»>u 4Jli i ljyal\ 

JA»S\ j* Lhwki J\ iiV-o^Vj JiJijJjSJ)') 

4 ■ ! > > j L> Oy_j|jJ j^L-ol>J JjJLsxjJI j jj jytXjJ 

Jl 4 _,uj^£JI ji j- £ *,> jjfU ijjlLu 

t_jJl Jl i_»ykll > J .rt*» (C) > -jJa2J Li . LfJuljj 

J_>jj 4*h .<1 yt dll jjjj£JMl >*i J-V i-jjjLLuJLi 

>,.jK< 11— i ui|tj Jlyj_>[ 4.^1 »g do_>oj J_jL»v*JI 

j_* i_ju>^ 1I iJjklb J-oi* (A) s - Ja i J Ij . Jpl£JI 
J_j_L>jJI 4_S’jlj cjUjjiSJMl ejlfij OjlkJI 
>11 ^«li) yrffriAjftjl 4^jAaAJ Ijubj . Jy'il '_iL2JLi I5.i-»£l 4jL*£ OjUauJI Jf Jyui 
(-) (+) oU^Sl ot V_fc^ (ijJI ( jjJjj3S l J , lll 

jj — M j>ii jl j-i*tt v-1-^yi jji^lj . 5 J->J S^*3_-a 4 Sj»- j j_)lj (jillj jj^Sl 
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(9) 

(jj— jI jl <jj*-ylLe <j>-J uj-Sj <ji Cj-^-*i ' "‘ ‘ j. 1 <■ jJja <jj-J jl 

(jl J-juj oLJjjjlSJlj . J y ^ wJ I JM> jl^oJI B^ilail ji* ale j , J.j..>5jjj_ia 

—I ale jl (jJaII <SjU JjUllf 4 u tl «e 0 jJlCj JjilSJl sl»J 

. (Jlji»-I oljLe) JjjISII 

^ 1 hall 1 jjb alcj . Jl ^-iSLJI slvl'il j J^>ou ^l!l oUjgu'il JaUll Jj 
jl 6jJ> CjlicVjJU SauA ( jic J^to ^jjJlj < ifti.fiH BjJli jl^II iSjlj Ou jj.~SJ I J _pvU 

. (0J_*S| s.-jljl «c) (jjav^Si 4juA ^jic 
: <,u*j| Sjj^eJI j US' ujUaj'il ale i±aa>o (_ 5 jJI (JeUuJI ^wojjj 

M + + e~ > M (M. stands for metal) jjJISJI ale 

2H + + 2e~ > H 2 (i) 

2X~ - 2e“ > X 2 (X, stands for halogens) jyil ale 


2X~ - 2e~ 

40HT 


0 2 + 2H 2 0 + 4e 


a ,1c sii j_>o L» LJLe ill , j > 4-jL a j eabLelil l— e^Sa jaLJI laa^lelilJlj 

JelilJl Jl jjJLSJI ale ,Jelilll iiLoL 4juliS c£*i Ujj <JL>JI JSJ Jelilllj s—atka'il 

2 j (I) Jelill! Jelilll Oj^lj • Jj^l ale »i»jL>JI 

2M + + 2e~ > 2M 

2X~ > X 2 + 2e _ 


2M + + 2X" > 2M + X 2 

oiUu ^jlV-Lx* £-4 s-,)>-LJI i— Jail I bL> 1 oUjjjlSJlj oLjjjSl (jj JSJ sU^*Oll fa* 

Jj-eyalLa k-i—lU JL»wi ji-JU c . >.. » , * Jj_l*v» j 5 jM^»,jS 

. (electrolytic conductance or electrolysis) ^j^SJ I JJUall j\ 


Electrolysis of Molten NaCI/NaCl 

Q , Na jj-Le ^ 5 j ^jjJjjiSJ'il Jj U .JI (1) jal—JI JS_jJI j 

s— xiaill a_lc jkJu j!jj_i.^l A J«e (jL-a a^Uj y» USj ( Jl* u ^1 (jSj^ i ii£>o Bjj j -u u 
il>a>^ ^ 5 1 jli — Na (j jS^j Na Jjl>^ ^j^SJl J j . L-v . ~J I <ijJUe *UjI_j (jjalSJI) (j*j*il 
ojljjSJI <-ju>lSjl(ciiU^jllSll (je tioUJI udaill) J^ISII >.tu> aytSJI ale ^a.rv Jelil 

: ijlSl HjUII J US . iljUi* sa>lj 5j3 j^SjJ a>lj 
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(9) 

Na + + e - > Na (reduction) 

(j.5*; j_Jlj n \ . .XI 4,J»g ^ (j_g >—!.•>• LjJ I eilaill) JjjSl JjlCj 
(jLjjj .L-aOuj 4 4_Jjl*JLt jJ_ 15 #jj yjSljj J_jj^l Jl <j_Jjj£JI j_y»-J (Cl—) yli 

4^i.l ».«.l I a jj»j jig 4if» jjie (C12) jJI cSj^ Oij&l 

: ^ o» L> Jclij 

2C1' » Cl 2 (g) + 2e~ 

(Q ), (Na ) j-a J5 J y*j ii It ^Ijl» uu »I (jJigligJI j lia Jsl>^L5j 

yl 4— i— <jjl)jL*if : CI 2 , Na J! Jl_j_jll j^lStj jjj15JI >— (ltd'll jig 

4^3 j»jJk1wI J3 JgUill I JA Jit (jl 1 tl«j Jiilgj 4*15 4jli5 jljig'il j jl>J^ 

At cathode 2Na + + 2e“ > 2Na 

At Anode 2C1 - > Cl 2 (g) + 2e~ 

2Na + + 2d" ^ ^ 2Na + Cl 2 (g) t 

y* J^Ipm (_ji«j *U (jl® JejjlZl j^f-all J_jL»»*JI yl5 IjJ jSJj 

jjiSil jig J_jll5Jl j>»* <j£»j jl* £_)_)■> LUli 

4. .I.u.rf> 4_i-.nl; ,‘L ^ixj *-UI (j! pLu , O^AllaJ! OJA (j5*^ <_4 L >5 . jjj'Jl 4 -jJ a l l l jig 

OH (j* J5 cjUj^I jjig d^L»*JI 11 ^JLgj . (K w = 1 x 10 14 ) Ij>- 
4_>ljJ j-ijt <j-g (H 4 ), (O 2 ) Jl j-.«5bj yl L»li ( tlil >i l 5 a » (j_t <j>jljJI , H* 
& j_Bj . oU^I iiL^I j ijo jg (OH - ), (H 2 ) Jlji>l iij>j y ioUjj»5JI 

: j* i j>o (ji j>5*^ ^jiJI oMglijJI 

Na + + e" > Na (i) 

2H 2 0+ 2e" > H 2 (g) + 2(OH~) (ii) 

2¥t + 2e - > H 2 (g) (iii) 

(jL» Lij*gj 4 Lf_> jjjiJf J^— i J) y* iiMUl oMgUill Jit yli ^j**JI 
J-^15 ^j^-511 J- J . > . 'J I »Uul (jjSo^ (Jjiill ^J_^eJI t> -j)j (j^g-Jj-V^I jl* 

(iii) f-ij 4 J 3 UII J*>J ^ ^ 1*5 (H 4 ) jiSJj 0 ^ 7 J^J! Ii» jj . </I! 
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1 jLfljjg I ( 9 ) 

yli ^lil J^LXjJ ijJjjSM J jl . -Ktl l (jli dlljjj . ^Ifi Ji*j£ Oj£y 

. jjiLSJ! J^LilJ < j.iiilb L»jlj (_5 jJI y>j tijjl»Jt y> (ii) pjj ibbll 

JJ J—fljJ jjJLSL!! j—e ojilll (OH - ) (jli J j' . -v - il l i^JLe *-LUi jj 
J_lCj . JjblJI ^yLu -uL>JI J^lj CjU^jI Jy'Jl 

: laAj (jit>^4« (j^LsLiiJI lie jjj'il 

2d - > Cl 2 (g)+ 2e" (iv) 

2H 2 0 > 0 2 + 4H" + 4e~ (v) 

Jj-> -) uy) o*2j UI5j . iijL>JI y> (iv) j_jlSJI ac Lai) 4 jlLJLj 

o^teLiuJl J_« >■.» j ^jL>JI Jl (Na ) i 4aLUI Ji-b jjf-Lfi i ~iy* (Cl ) <jls 

: (_jA ^yJyoi\ Jjj j}S JjL»v*J ^jlJI 

2e~ + H 2 0 > H 2 (g) + 20H~ jjilDI Jel '& 

2C1“ > Cl 2 ( g) + 2e~ j^ilJeU; 

2C1 - + 2H 2 0 oly -- -> H 2 (g) + ci 2 (g)+ 20H~ 

lS>-> u y < '~i|i J_jL*i 3I «■! — I3f 4 — Jli <_pK)l o-» < >j_u j-a L»Sj 

>-jJ jbj-Jj (Cl ) ji-Sy <L>jj yaLu lie y»j 4 yjiSJI 

LjySa ^yiJyoi\ £— • J^Lij^ 8j yXJ (jjJI J^oSj^Jo^JI &y > i ‘y&y 

Jj— .f ^ jjO^A J^l>o)i y» j_)iSL!l jle Jie 5jy£>-j 

. 4^1»JI (J^lj (Jjjli ^~n «£ i— aLoJ I ^yJyoi\ 

oljy^jSJ ^jU J ^L>a1 Jj1>uJI 

Electrolysis of Aqueous Sodium Sulphate 

^_3ljj L»j jy'it lie 4 j_yl£JI lie jle <jj£l.k>}U! y* 

; ^jA ijj'oJI Oileliillj 4 (_pUI oLuyASL! ,Jji>a!l 

At Cathode 2e“ + 2H 2 0 > H 2 (g) + 20H~ (i) 

At Anode 2H 2 0 > 0 2 + 4H* + 4e” (ii) 
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JljlC (J.K All jLjlP J^y 1 >« (jj of jhs Uuc^j jj JelijJI • ji jle J'^jjLii'il (jS^J 

• *•'-• J SO 4 , (Na + ) (> JS oLyl Jy»jj Jfeu t ^ * .■» < ■)■ .> (jjJLtl jfJog iJjuJI 
£-jue l J_jL*uJ) <jl (ji jjji £.i.n,i (Jy l.*. «) ^ . U l jLe <jli J J > . 'H 4jl»g «-!y*l .iiej 
j^>-i (jjj ^..t.ftll ^Le i -j-t iS, ; jjj'Jl <ij£ jj 1 jylSJl jle LacljUl Jl J^ 

. I j . A t. -V ^W> l JyL*uJl (jl jic Jj,) 1*4 

(ii) JeUjtfl Jl 4jiLolj 2 j (I) i-jj-oy ^yiSJl JeUall (J*>«-»j 
6H 2 0 2H 2 (g) + 0 2 (g) + 4H + + 40H“ (iii) 







JJjUII (jj ^-olj y> US' 
0H~, ,> JS £31 y (iii) jJj 

jj-» oi j >. ii >« ii i ij h 

(jl Lm) 1. >»,> 'J Jgl —i lll 

t JySl lj3+>- j JJfJt (Hj 
. jjil — SJl j (OH - ) 
JS Uuyb y) JJj ^ ittjJI; 
^ jjj'ii jl jyLSJi J-i* (j_* 


L*j ^ i I > 1 1 <jj_UI Jl jLe £jj) ^Tji ijSJj *U JjUj 

.(iv) J^UjJI JeL3 iiLoUj .^jj-oJI oLy^*S Jy>j Lf lc Jjy 


4H+ + 40H - 


4H 2 0 


JeUs!l i.).^>,>>« JSS iJUJI Jeli3 Jl 

2H 2 0 2H 2 (g) + 0 2 (g) (v) 

_$_> i^LfJ j *UI yl >*!()> p_yjya]f olj^yS j^Sj3 J5 l>^U i^lyJI jj 
oJjL* oU^yS ijjLi L_» JyUI (jS^> Ly*ej t 4j-»JI (jj ^33 * 11 

<_j S jj (j_i L» Ley <jLi JJ j Ol>Sllj ? #j->T jj J 1 . 1 l *31 1 Jji j 0J_)_*y 

t-jliaiSl (jlj Jj^LJI o'lllaJ! }IS jj , lj_y*y C)J^i <jl V^N J •— *li» 

(J>o3 Ljli JjjJI ji ^L*JI Jl» <jy»l uj L kil Jjjj'j <jSJj J^UslI 5i»L> (j^!>UJI <jj 
j &L- /j L* JSlic Lyil jl . jjJISJl ^s. y-L>J »50» (olOUJI 3JU^) JeUsJI j 

. JSUJI V U 
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1 <hj4S1 I (9) 

Ohm’s Low & Electrical Units oLx»jj pji &y\3 

yj=u LjJaP (jL« L» . j>jl fry 15 ^> L o O^Le^il l Ji» < ■ .' ,JjJl»vJl 

J_ ojl\ till (I) jl,u3l y_yli!l Ij^J liibj . jLft jl,u jl Jlft oJ^j 

ii!>U! slfj 

1 = E/R -1 

j J—cjII jyJa yi-J >J I Jji Ji*J (jl I iaitill SjSJI Ji*3 (E) tiuJfc 

. 4jjli» (R) 

^le ijjLSl! t 4 jLjuJI (jli a^IUI y*LZJI <aJ£uI j 

iZjiyj frj l}jS^k» JM> yj (.5 jJ! jLJI B jui" ifre- yjj . pj'llj cJ^ill c 

<lt yj «j j»j^l Ij , J->lj j 4-aiJI yj 0.001 118 y .*y A.Ajl I 

10 x 14.4521 L»jjs 4 ■ »,»> fj*V3 J^b y* ^ -®63 (jJjJI fr* -iy* 

fr.S y p_ji fryLij (jjlijl — Jl y^.~ja»_}Sl y-*_j . ^5_j_lu ji-o Bjlj>- jJlc pl_y»- 

LftjOi 3jjli* yy I .x»*lj OjjS jIjj t_<jlkll ±f->Jt Jji <jL cJjAJI iy^yj 

• v' 1 -^b 

t-Lij ^ *?n (SI — System) 4_,JUI y^L^ill a » fa ■ i ^ Le |jl*ip|j 

loj . <-,uli j >lj ,J5uJ j,uu>i J4»lj #jji jljj l*jie "»by$5JI <yS" ^ylyfUlj ^y)j5!Jb 

<3ibJI sj^j jjtuo (Q) fby^iOl 
Q = It -2 

4-^ *S J <5_y-»4 3j_>yj • 4-iH^Jb y_jjJI Jiji (t) t yy*}\j jbaJI (J1*J (I) £y>- 

, ^jS 96.490 ^IjIjUJIj . j^IjIjUJI obL»>Jl j |>jl»ouJ t-by^SJf 

ijbl ijli IjjjU 

i-i l. - ba Sl Alt yflaj (jjJlj J jl * ■ *> !! yj jljll fc.i ,u oj5 jl ^>|y 

4_il 1930 (5ljljLJ [J. j i.i t j » ^UajLlI jib . JLlljli illA jl k_X-lyju jb AjaA 
J^l— > >_j 1>9 J_£" j _ *« g ^p ijtj^l l jjJuil > rt>t y^Soj jjill ojUI <ju 5 y^j <IMJI ±>y 

y ^ j»l* (>. £ * ! >_) . J jl > . ' . 1 1 A^i> yj ^jjJI ^yfStJI jbiJI j^y^SJI J j l a. ' l l I 

• t5bljb U_yl2j Jjy Lt^S lijp fryyti j jl!j 
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L^jjt L— <Lu j c J^'Ju (_5 1 j 4l»|jll Sjlil 4 « *T > ;i i.^'i.i1~ 


. JjL*w»lf J^L> SjUl tLj^jSJI i&tS 

: ^li)! j^jlill 

*-.J> ,-ilix) (J«i j 4ix*iljJ L J-I.1 ,>.~JI J^>L> 4.11 >si, 1.1 jl 4jMjlll SjUt 4jj5 

. 4iil5iil Lflljjl 3 j-iLu 

4.k_wl^J 4 I ... jlll Sjlil jjj W jl j_J . Jj'il jjjlill jj . j^jjUJI j ifu^t 

: 4*^1 iiMuJb JjSl j_jil2lf jfi j^ A nSlI jS^J . I^jlill j j^JL»i J^lj 4jjui jL,y Jjjj> 

w oc It or w = Z 1 1 -3 

t j J^>lj = I UjIp ^jjj^SJI ^jljtjfHI cjuli (Z) jl 

: 13! 1 = 

w = Z -4 

JSJ LfJ_jl>u J^li- jiX#l JJ*lj jbj Jjj4 jip ijljil jl 4 ju>jHI Sjlil 4^5 ji (.5 i 
(3jL»j u^IaJJIj 4.ASU ^jjj^ixJI »1 i i» i i 5 i 1 I ^li* jl . jjjjfSJI ^sliLlI iijl-^> 4 ,u1j 
^j^JI {jiLSllj L-jHI Sjlil v*5 iiyusj Jfjill J* 0.0003294 j 0.001118 

. JjL>«jJI J'>1> jt3 jjjJI »bjf£Jl 4 wjLm> ji*i 

j_» ^LSj p_> 1 ^_y—/ jlJ ^Li»o t-Lij^SJI 4^*5 : jjJlAJI jjjlii! l*jjj 

: jji^ 1*3 l^jl-o- j5Liyj SjUl 

Cu = = 96.448 C mole -1 

0.0003294 

1 07 87 

Ag = : = 96.448 C mole -1 

0.0001118 

^jjj^JxJI J . x i1 . * ». ~l l j-^jL j— c -gjj jl jSL^ ^1 jjlSil ol*lj^- joc ^5” : Jlia 
. jSISj 5 Sji j^a»I 10 SjjJ jlu jit ^Jj-oJI J^jjl3 

pj/ 3000 = 60 x 5 x 10 

y* 4^1»J| i_JLqj Jplijj 
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jljljli 0.311 = 


C12 & Jy 0.0156 = 


fb* 111 " 


— > C 12 (g) + 2e 

(iljljLi 2 w j lk'j CI2 <>• Jy x>lj (jl 

fjJ 

^1/3000 

tsbljli / 96.500 

^juu tsbljli ( 0 . 311 ) pli 
CI 2 p* <-)>• Jk>|) 

— — X Jljfjli 0.311 

c5bljli 2 


fly? 70.9 

CI2 pJ Jj4 1 


X CI 2 p* dy 0.0156 


Electrolytic Conductance J&fjjJI 

(£m) l^jjt uudIuj pixull d~°y^ (R) ‘Ujlsll 

: pi li* (am 2 ) o»L« 

R = p — ohms 
a 

I jj , C p 1 UkjjJ <L>-Luj Jx* 0>!j .UP ^ • -j (p) i_juxtJuJI CjuOj 

. P = R JL*J 

Specific Conductance ^^ill 

fjiuuu L< 5jl_P . ^tyi\ j 

c£h Jd\ (p = L, V m ohm" 1 m 2 mole" 1 ) ojUII p* . (Ls) <yyi\ i»jUll 

Ojj-oJl ejjb ^JLp L^l.US’ jL<s> pi 


1 1 i . T t . -1 -1 

— = — x— or Ls = L x — ohm m 
p R a a 


: o^-h 3JjL* 1I ojlill <j| ^1 p <jyt (Ls) I j 

L = L, (a / 1 )ohm _1 
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MO*** 



(Fig 3 ) Illustrating specific 
conductance of solotion. 


4Jjj_# p >* >■ pi 4_^j>l>j 4 .jl >■ JU.W! 

. <- fl . >J I 4jfcji (jJOJJ jl— ^jic i^jjjit t_jU»Sb 

j !_*£■ pi ^k_JI «o-l— .»< JS^ 

• (3) 

^jll Jj l>«> k_x*5LII li» Ujb yi 

Ijl v r iliai'Jl tj£j cjJy j^>Ij L^jL-j jjjj 

• fjl cjjllil (I) jlflll sj-1 


— = (since R = - & E = 1 Volt) 

R 1/L L ' 


Galvanic cell 




— j— Stl) jlfl p.< VIJ l^L>JI jjic ,3f-i l*^s Uuj->o 

iJlkll (J— jlfj Jljli-Jj Ju-Sb Jplil XtCj 

JULolj 4.,l.oi >« v-jLlasSl £_ej jA iillJ . AtfjjS is lt> Jl iji b t jO l 

i-jL>JI .jl 111 !j t ..<*j ( 4 j>jL> ly\j jx£ (jl jjjjisJ'il 

(Alessandor .«,! > pJL«JI p— <b <_JL>JI ji . 4_^>UJL>Jl i_jL>Jb 

iJJaJ. ioii-il l^UJI Jsu-jij . lily jjjlL-JI Volta), (Luigi Galvani - 1780) 
(j^-ojlj>JI (jj i., ij-AS JjUII J j i y*l»uJI OLIOS’ J^L>o j ^UbJI y a t..i u i ., A3 
JL^Ij (JcLilll li-» (>j i^liL*JI 4 j i>JI <jyCj (j^-ojLiJI J 

obJ^I JULwb S^kjJ Jjv^j 

: i- f l vl l J-*pj (4) J5— i l » f > L i.» 

uhode 

| a 

JjJI sJU>«f Lu ilJjJI t — i- l aJ J l . I p S—Jb 

Zn JllJI _pbJl t# Ls (JaUj u Lrti 
( ) ^ ^ ) Zn "t* 2e 

>ij ji jjrti op ljf*J yf^jliJI oUjJ 

^ i_t-ts 4_5Jl3 cjljj^lSJ'il Jj.1 .*■.<! I 

i^i., > >»j L»£ . .ill ,11 jt£- ilJjJ! 

ill— Jl jf-P oUj J l£J“jl .jjLj j jyLSJI i—J— Us 4_ 1 , « > ■ ,; but y-UaJI t_iia2JI JaP ijljl^j 



(4) JS^- 
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fW* (9) 

jin ..<*j Cu + 2e ^ Cu : JliJI JpHiJI j l«5 .j^ilSJI ^U... jjj 

( 5 ,i_OjL>JI v-Jtki) Jjj'ill 4^>U SO 4 j y >uj j . Jj l> »t l l j <j*l>uJl oUjji 

j 1— >J I iiiLu^ ,j_» L»j siLJI jj c 

j 5 »JJ . jL u li jJ—oj ^LuJ J_» 4_juUl>JI ol—jjUajJI OJA Ji* <j* 4_9jJlj 

4 (_>oL_ojJI (j_» (jjjiaJ <jj ijjSujj . (4 ,j_oLojJI OjlL.) j5jll Ojltu 

: 1*5 ijjlLJI JaPj . iiAjjll yio j jj^5l ,_y5l5j 

At Anode Pb(s) + HSO 4 > PbS 04 (s) + 2e + H + 

At Cathode Pb 02 (s) + HSO 4 + 3H* + 2e - > PbS 04 (s) + 2 H 2 O 

Pb(s) + 2HS0 4 " + 2Hr + Pb 02 (s) > PbS 04 (s)+ 2 H 2 O ^JUI JpUiJI 

4.*.,Ua J_5 j— ie ijy 5 u (jjJlj (jtjjjii iLti j^p (_yeL<»yi (jl -h->!>UI (j*j 

i-ijUajJl (jj>- i JjlCj u-lklll ill jj 3-allj 

..' J«* ( _J_5) (J..5 «,u AjjJaill O^LaUjJI (jli 
l*5j . Jj^lf IfSJLv Jl OjUauJI 
(j! 51 4«* i ■■» ! * o»L_ojil w ,,. 5 lj (^uLo Jl (jl 
4. 1 i ,) . > j . ., t„', i 'i l i _jj53l (>a*> jrfSJ 

jtLZil J ^yjl—ll Jj -UJ I 4_il55 (jl 

(jli Jjjjjj_5JI (jn »> jj_5j ^_lp Jj'Jl 
iiJ-» iil Jl LJjj5^{ iiliSJI yolj5 
. (5) Jli £,^1 

LiUJI Leclanche le>j-i Jl5I j-a-Jj 

OL, j i lj4> 4- J L- ^o i (_J— if (JJlao (ji-Ojl> (jj tlcj (jj (j^Sjuj (jl>c>Sl) tj-oJJ 4. 1 » «* ..» II 

(jj-»jL>JI 4 Mn 02 jj i>ill >5 1 jjU (j_* 4 _jLj 4 4i»l>4i {£j$y 

4-jy-iij 4 JjJlUl (jp OjUp (jj-ojL»JI (jj 4jJj*J|j (NH 4 CI) J^jjl 4 ZnCl 2 

(jj_5jj . j JL5JI .> Ip Mn02 jj-lSl jIp llljl j— » 5byj j_ySl _ja cu^s J»JI 

(j_4 4 . 1 (_J jJI jl 1 ni~ill jljli Jjlp |jl*jp| 4_<l'>'~ 4,1 Ui! 0U4AJ 4_Ja2JI o’jlpLij 

: ^yA 4.1 «li •>■,«! I O^tpUjJI |j4> Bj£A~e oljljj jJjl) 4 ju*JJ Lij 4 4jjJI 


r*~ — — «' 



(5) J^i 
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(9) 

At Anode Zn(s) > Zn 2+ + 2e~ 

At Cathode 2 Mn 02 (s) + Zn 2+ + 2e“ > Zn Mn 204 (s) 

Zn(s) + 2MnC>2(s) > ZnMn 204 (s) J*lii)i 

J — L 4 jt j . j^jJI 4jl> 444*1 Jij ^ oUjlkjJ! lSj^I fl_yl 
— ( 5 j_>i L_ ji 

ij 15'/. 5 SJLt JI i5U» <jj j^Ljj LfjSj 

. Dje-jS’ o^ILjkj j ^ j V i ,■>* jl ijS l*jj . i_iliuTil j »l^Jl sjl® 

. < _ 5 iSUI JLJI ^>aJI ^JLp Lj JLi* t j£JI JpliiJI oj&jj 
H 2 (g) + 0 2 (g) > 2H 2 0 2 (g) 

: JfLiJI |j* ^JLp (5.1*13 J_jL>n ^ ,J*UlJI ^ k~aj u_j^j 

At Anode H 2 (g) + 20H~ > 2 H 2 O+ 2e~~ 

At Cathode 02 (g) + 2 H 2 O + 4e~ > 40H~ 

( 5 *cli j jjJlSJI jup J*Us)l Ij* JJj (jl -h»-^U) 

. (_>AjL>vII ’ijjiaS’ (jj tuiu n < L> ^ t> .j 

j (jLiijP (J.» *« ( » . objUauJI OJA JI* uJySjI (°) 

j 6 J-^JdA!^I jLp JJ-HJ . 0^^-** (jt-SijiJIj . p>£Jj~eJt (jijj <50*13 

jjA,! (J**lj3 (J5ui j OJjJI (J*ij jj . jjiSl i_jJs 3 .UP 43ju*i£1 (5J*-i 

. j_jjI_5JI .1 J* jj .<NI ji* 

j_jjSl j-Jlp jl IjjK* <j*>^-' uiLojj 

JpLijJi 4> , h w ^jJLp (jj*-_jjJ^ll (jA juJ 
oJj^ill .n.^l oLa^ j^jISlJI jJ*j 1 4*j—o 
4 1 j'LaiJI (j< ,^»)l j (j_SL)j 4.,. A a l lj (j^JijLJIj 

J jL>J Jjj j>jt.<T.~ll (J p3 -iS . OjLjuJI 
(j— <j . (_jjjil giSlj 4ja-iil^j JiL, ki*jJj^35iJI 

4 _ 4 jjjjSjj.UA Jjjj £jj_j| J L « ~ I jA pA*^t 

^j* ( 5 Jl»Ij <Ujl>fc4 4 ^jLp 

. oiUtijJI j (Natural gases) ^uhll oljUJI JL jy^l JU«Cu.l 
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CH4(g) + 02(g) > C0 2 (g) + 2H 2 0(g) 

.kaj Jj JaIHII JiLi 

At Anode CH4(g) + 2H 2 0 > C0 2 (g) + 8IC + 8e 

At Cathode 0 2 (g) + 4PT + 4e” > 2H 2 0 

At Anode CH4(g) + 10(OH0 > CO 3“ + 7H 2 0 + 8e“ 

At Cathode 0 2 (g) + 2H 2 0 + 4e~ > 40H - 

. CO3 iju* oja 13 j C0 2 <ji j £j 


Reduction Potentials 



Jl^> 

<-£>■ -4_»J “i-irf" 5-^ji (j* 

L-jj .. Ki'jl 5 ±S- y — 1a J *1*3 

4-ilkJI j >» * ^jjLJI o^etilJlj 
o-'-*0 ,^-Iaj 

Ja — uij . (Voltameter) 

Jl^b b^uJi 0 ju^J SJJu'ii 

(jj j UJ Li . 


(CC-aj^ — CCr^Jj-bj) : (7) (Ou) u"L>oJlj (Zn) S — ijJI 

5jlj_> Jj* xa-Ij .ua 

. ajLkj'jl Jj_b jl <- u ilL,ll i»L-u ^1 ul (_5 J ■ (jA jfeuJl . oJ_ji 1 . 1 yX j»25 

: ja (^uksll ^ jja 4 jlk . l l j l!jjL>JI ^J£JI JaLaJIj 

Zn(s) + Cn 2+ > Zn 2+ + Cu($) 


ji t BjifuJf Jjk oLjjjjD'SlI ^jJI LUj 1 »_jaa 
'jl ijAL* 4.jtk)[ jl ^uLi»JI 4jlkJlj , " 4jlkJI Jklj JaLj i£ijX> 4^ Li 

«-aUaii 4_i jl> yifi (Jljikl — 5 A . a *T I j o!>LLij k±jX>o 4jjukuJI 4jLlll! Lxl^Zj ^jLaJ 

. ijlkll 


: JbJtf ^1 yiJI j> jJa (7) JSLUl j JaLaJI o&j 
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Zn(s) + 2IT > Zn 2+ +U 2 i 


j—HJ • yJ~e>yl>J! j y^-Ojl»JI (Zn) jjjSlI 

l_j Sjlfij JjL»- ubUl LfJ <tyj t J^L> jAj jJw'il ij ijkJI j yA^-J^J^I yj jle 

. HC1 £>£J_j J^L>a j yjj^Ul » j L»oL>j 

At Anode Zn(s) > Zn 2+ + 2e _ 

At Cathode 2Yf + 2e" > H 2 T 

jJLc (1 atm) y^-Ajyj^l jLc kJttf j (1 m) (Zn 2 ) jj$y 

*_>Ja3 yl h->-^U L*Sj . ojJji 0.76 *j jjLulllyJI jl$j> jli |> 25 5jly> 3j*yj 

yj J* oDjyl£JI jyA^ ^ySJ yJJf’JyJ^I y* y*£l OjjjU <5 (_5 jj I y> yJ-OyliJI 

31 JL-JI y— • £_~elj j-» L*5 4_*jjJI y-i-is L*j*A yj_>jjJ^Sl y! . (7) JiL-lJI 

j yi->JjJJ^I Ji— « I £— _}Aj djjjj! A*o» ^jA S*jyZll yli dJjJj 3jjl L it 1 i < >_<|y^SJ| 


yl_j ytfUkjJt t_ l J aZ ; l y-SLJj y_>l UJu k Zj (stljyJl) yJ~OjL>Jt V_itj U! JjO-l I I jl_J 

: Jill! JSLiJI jjic 3jjlii>JI <JjJf i_/Lfc>3l oie ^Jill J^tiuJf 

Hj(g) + Cu 2 " > 2H + + Cu(s) 

jjj'ill jic JpliaJI 

At Anode H 2 (g) + H 2 (g) > 2HT + e" 


jjitSJI yP jJetiillj 

At Cathode Cu 2 " + 2e~ > Cu(s) 

wi-JoZJI j utoL-ji-'il y— S l3_j (7) J 5 . Ml ujyfJiJI y*Ju _j-Aj Jjji (8) Ji-i 

y*t»J Ua JjUII >. i hzl lj yjLJ! yuij _jAj Jjjf (8) Jii j _jA 



. JjJtf _y>J y,U«jL>JI y* 

3JL>> -I 1 e»ly_2JI yl h ,_ » !>Uj 

oiJjj 0.34 ! jj> j~ j*i*ijZji 
(1 y j Jxj*-a L»JaP 

Jy 1 (Cu 2+ ) y-UJJI j£yj atm) 
Jjb^ l—u . j> 25 0yly_> 3 — >-jJ JuPj 

yjyjlSl^jiJI (>* l-ilyA-J'ill 


- v^IaO) Ct* bjS* Z*l£ Af* vj-y (A) JSA 
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: JLJI ^yU +>L> J I i_iUa.'t (Cu) Jl (H 2 ) y* Jjaj 

At Cathode Cu 2+ + 2t > Cu(s) 

At Anode H 2 > 2fT 2 + 2e~ 

. oUjjjfdt jLLu ^£J jfSl icjJ <J jjj'll j-ie ^yLtfuJI Leuf y^Sy >ill jjj 

+ 4 — >j J_)JLi3l +U + 4 ^> *^1 >»L j^i s l l l yjj yylll +£>Jl yl L^*pj 

+ 4 -y*JI yl Ji >!>L ja LSJ . jA’^l »I 1 y-lyi x$j» pJU Ijij jIa 

4yUj . ^y— < L^5 i_ j J a 5 jAj yi-oJI iJjLy <jb LIU ^uij jAj yA>jj.ljSl( i— liaZj ij^ll 

J Lilly . JjLsII jU'ill k_Jai Jl gry LfSli LjJjiJI i> \j& <uji (jl yli 

. ((Jfji>l — J— kStj) I_e~£L»JI 

LfJLi JJ-.I — >0 — (ji-a jL> (jj iySlil I. J . > -. 1J >11 y,LS yL JjiJI j.x»y L-o 

: JUI ^yU ( j»j oJ^s 1.1 = 0.34 + 0.76 jl-uil j*j 1 . 1 (JjLlj 

Zn( S ) > Zn 2+ + 2e~ -0.76 Volt 

Cu 2+ + 2e > Cu(s) —0.76 Volt 

jjjjDyJl 4- y u i ll IJl>JI k_jUaii y^j jyill ij^ij 

The difference = 0.34 - (- 0.76) = 1.1 Volts 

. + 4 JKJI £)li y^^Jill I j|_j . lySlili jy~y (JaIajJI <jl ^yJU Jj^ U» 

: oljaiVi Ju£ kl)<X>j ^jJI oiUUill Xjj\yt 
JjUill jj *Lj J — *y L XmS^S ( _yU JaLj <yi y_ySy yi k_a>y JjcLijJI ^ 

. y£jj y*l 3JjUI( 2j>j f^a y_j5j ILft iyjjjj . dfjlU'ill ^yJU Jjy jJaL i (yi-'jli cjykJI) 

. JfLiJI I La ^yU y v u»*,l.l <ju»JJL ojl^ill UjLII <jL5j 
Zn( S ) + 2Ag + > Zn 2+ + 2Ag(s) 

(Zn 2 ) lijyll <jyj\ yJ-SLJ y^jjyj-LII Jy>y yl l_L>y 5jj!_ji! 0 L» jk+j ix>5U 

: j L£ 4~oiJI yj y_Jil (2) J+*J li» yl wt>yj 

Zn( S ) > Zn 2+ + 2e" 

2e" + 2Ag + > 2Ag(s) 

4_uH 1L ijjljlll UjUII oL 5 yS-yj 

Fe 2+ + Mn0 4 “ > Fe 3+ + Mn 2+ 

( (_ y ■< > «, > Iwj ) JaLjJI oL o , J y_)5yj 

-298 - 




(9) - 

Fe 2+ > e“ 

5e~ + 8H+ > Mn 2+ + 4H 2 0 

(jl jj>0 (jjiJjUIl (5) j Jj'ill 3JjUil i— jj-Ajj 
5Fe 2+ + 8H+ + Mn0 4 ~ » 5 Fe 3+ + Mn 2+ + 4H 2 0 


: HjUil yj \y l$j|j3lJ k_ J L » o So* 

J*Uj (ji-aj Jl j^AoJI — 1 
So*- ji-aj J*U; JS Jjjly — 2 
. y- C K - k ^ S I j la* L 4 I l^iaJuaJ CjljjJI CjM«Ia4 jxib — i 

jja>^A^II 4.sii.'u <_5 jJ I H 2 0 5iLoj — i_j 
y^>jjO^Sl 4 »a i J ^ ijjJ! k_uL>J) Jl (^CfcjjOj'il iiLil — _»• 

. <jJLk ^j-vw (_5 jJ I i_ulj>JI (jl Jl (c ) iiLoJ — j 

(jjfyU oi^UI iljUil i_i j_o — 3 

• jl«*JI ji Cw*ijJI ~ 4 

: dJj JIS* 

N0 2 “ + Cr 2 0 7 2 ~ > N(V + Cr 3+ 


Step (1) in acid soln. 

N0 2 ~ > NCV 

Step (1A) 

N0 2 " ► N0 3 ~ 

Step (2B) 

H 2 0 + N0 2 * ► NOf 

Step (2C) 

H 2 0 + N0 2 * ► NOT + IK 

Step (2D) 

H 2 0 + N0 2 ' > NOf + 2H* + 2e" 

6 S' I k— uL>JI Jl fajjj&SI I_ij.nl Ji) 

(1— ) L-Aj-ii <.’* v.t 3 i.n,v,» LjJ <jjS^ (C) 5_jk>JI 

(1+) L»jjl iivj iU~ £>*J^I «— » . ~i l » «. ll 
3 IV. .ill J L MU k-ul>JI i)l£ jij 

2) jljJUJ 4jk>}l! 


Cr 2 0 7 2 ' ► Cr 3+ 

Cr 2 0 7 2 ' > 2CK 

Cr 2 0 7 2 ' > 2Cr 3+ +7H 2 0 

Cr 2 0 7 2 ' + 14PT )• 2Cr 5+ + 7H 2 0 

Cr 2 0 7 2 ’ + 14H* + 6e + > 2Cr 3+ + 7H 2 0 

5_jkiJI J US jl_JI Jl olljyiSJI 6 i_lj.nl jil 

by— $*} (+ 12) j— • j^I k_*JL_>JI (2C) 

• ("I" 6) k_ uLvJI 
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1 <hj4*X> (9) 

: ^4 » > : (3) pjj p^jx»JI 

3H 2 0 + N0 2 ~ > N0 3 " + 2H~ + 2e~ 

Cr 2 0 7 2 " + 14 fT + 6e" » 2 Cr 3+ + 7H 2 0 

3H 2 0 + 3NOf + Cr 2 0 7 2 ~+ 14H* + 6f > 3N0 3 ‘ + 2Cr 3+ + 7H 2 0 + 6fT + 6e~ 

. jUslI ^ * J y*y (6e ), (6H~), (3H 2 0) <l>#> 

: (4) [Sj BjJxiJI 

H JjuLtu *i SJjlail ^li . -kwj j JplijJI [£j~* I3J Ul 
J Ju*U H 2 0 I_i*j (2C) j (H) (jj Cj|j j <iLo{ 

j l — ~ (Jaliil (OH - ) (j— • W_)l— *» (H) oljj j y^aiLil! 

, i5J^lS Jawj j 

Cr(OH) 3 (s) + I0 3 " > r + Cr0 4 2 ' 

: (j* JaUjJ! ijLoJIj 

Cr(OH) 3 (s) + 50H" > Cr0 4 2 + 4H 2 0 + 3e~ 

IOf + 3H 2 0 + 6e" » I" + 60HT 

iJjUil OJt^J Sj^SlI iJLeXAviJIj 

Cr(OH) 3 (s) + I0 3 “+40H~ » 2Cr(V+ I + 5H 2 0 

( o'jjl— «ll 3jjl y* jjiA J-*5tjJI JJA) 4i^LJ! OJA J llA L •* I ? yx *}' I 

4_^J LjJ I cjMpLaI)! oJLS' Ijj U iijAl i—iliajSl! j-$-» » j.*.".jI ; JLm 

. 4^1 Lull OJA-J jit OJjJkjlf jl^ll ^J.4.> Ujift 

Cl 2 (g) + 2I~aq > 2Claq" + I 2 (g) 

2Ag(s) + 2H + (aq) » 2Ag + (aq) + H 2 (g) 

ui — qjJ l E ox Jl ^> L~ > ' i tjj—j *ill3J Cl Jl Cl 2 jl JaUuJI 13a j Jx>^U 

. (JaUiJI (jj 

. JaUsJI jj oLaill Ij-f! Er e d J! Lwli . I 2 Jl A-iSti; T jlj 

At Anode 2e~ + Cl 2 (g) > 2Cr(aq) E° e j = + 1.36 V 

At Cathode 2I~aq > I 2 (s) + 2e“ E° x =- 0.54 V 
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<jj 5 f.ii < ji > . n { ji^oj jjia 

Cl 2 (g) +2I(s) > + 2Cl”aq + l 2 (s)E.M.F. = + 0.824 V 


jjj . LjjUJj Ijjt (jli SjLi^l <jl>jj < jJ5f.il E.M.F <jjj (jl 1*1,1 >-j 

ji jl>J liJli . ^jJUL <jl> JJ <jJ5f.il E.M.F. <ujj <jJ.> 

. ^JUlj I i* 


Measurement of onductance 

t>-Lj5 j J->jj J>J- » -*Ji (A) jUnI 

J J l>.tll <_*jli» (J -I ;«lj . Jj.l »»,l.l <_«jillf ^LjS <Jx— » l_J> Uj-Kj jJlj J>U*JJ 
. (9) J5LJJI J (j^x» j* Uf (j_ji-»j_^fJ ojJxuJI DjJb p.\ t < _ 5 JLiJ j^SLjJUI 
<— <jl2j Lfl ^jjjijy-SjJI Jj-L»u (j j - laO <jjj- (9) J5uij| j ^A L»Sj 
(Rs) 3jj — « uj <j-»Lj5 <jjli* i ojtuSil SjSIJI ^jjl Jl>I j . UjL>oJ jI^II (Rx) 



• (0) <jjljjAl iiji* <J^Julj iSyjj . (H) icl*-*JI j Oj-aJI 
t (dJ—JI) <iLil J jla (C) J Leu'll <JaJj Ju£ JA*u (Rs) <Jjiill 

(C) < JaZIil 0 j_> Jul£ \Zjye JiL Oj-oJI ^U— < C<JaAjJl JjlC t 5 ij > ■' (AB) 

yljjl uijX><j 
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(E) ,\f *JI j pjl LSoLj Es — Eb, E a — Ea (jl <jl ,v ^ > J 1 y«iij 

: (jl jf R Jjjlllf j Iji^-cl* I Irfjl— fc» 


lx Rx - la Ra, & Is Rs - lb Rb, 

u^jJ Jj'ill 3. »■■»«■» 

lx Rx / Is Rs, = la Ra / lb Rb, -1 

JjJLioj (j^jjLuj Jjl> Sjlll <x*£ IjJ lb Is, lx : Is &l ^ *3 

: Jl ( 1 ) 3 JjUil 


Rx - Rs, , Ra / Rb, 

Ijj . JljjJI (CB), (AC) JljJs^U (jla—,Lu^ Rb , Rs, yl 


RX = Rx x 


Length AC 
Lenght CB 


JSLiJI 5 JjUI JjliS’ <jSL*^ 


,jil— SL«j 3 — jiiJI j J^.. l >jl! (L) 4_J Leu'll ^ ho* Rx p» y *> ««j 

X°_ , \° + >tu > A<,= X°+ + X°_ 3 JjU1I (^»_j (1) 3Jjt*II ,j* 4 jL*>- iJLcJ^II 
. J(jJill (j_j_uSlj (j_jjjLSU ale LJLeu'ill 

pi - j £_c>^j Lo l »Mj <uL>JI (jli ij^Jj ; (jl 

3_5jlj In j jyg.il lj iaJLaj'il Lj jl>J 0^15” iuU OjljJ*- 4j>jjJ ^jLo 

(_> <. ( I t 10 ) JSLiJI j LS ^\y\ 



jii 
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jjtjg (9) — 

Cell Constant <ul>JI outS 

£ 

iS'i JLflJ'i! k_jLi> Jl ji^u . (Ls — L— ) ohm 1 m 1 JJjUI) 

' ■ a 

y_« L ^U p . (a) (^ ) *— ilkj'il <^u iiLJI U^jlj 

yj iuli < » L >> l$J . oljjiJJ 4^1501 ciiLwljuJI jxt {IIq) <*mJ jL^I (J.oiSl 

1 pij JJjUil £>« K *j , uj cjjtij i«ji*4 (^/a) «L~J (jli 1 4 1 j a, t 


Cell constant (K) = 


specific conduc tance 


observed conduc tan ce 

jUjj (jj ^0.01 j J^O.l plioLu <L»1>JI CjuU 

^l— SJ jL Lt *1* jjJ j p_ji-<lj}Jl o* pljj* 00*745 i pi y> 7,45 i>*lj 
. (conductivity - water) (3*11^1 -»L) i^LoC'il i^5 <J 
. <iil>*4 Ojfjj- oL*jJ jle (1) JjOJfJI p_jliu J^-Pull lj-f) ^jPjjJI jLau'il 

<k .<(y }L*j l«0 iji ili ID I iiLJf ol j i SjjjjkjJI o-LJf kiilj wUJ'Jll £« 4^1>JI 
p°25 ojl^*JI ouU 1 pL»- j ^J>j3 pi i I JLoj'il p^l*if pj^«i<lj^jJI 

4_^LoJ^I p_^Jj t ^^JLeu'il ^ t JjJLuJI 4_»jliu JLuolb J->_y 

. ouli pj L iS~il (3) iljLlI j Lfj yLiy«^ <^cjjj|j , BjaUsJI 
Table (1) : Specific conductances of KC1 solutions 


Concentration 

Ohm 1 m' 1 

equiv/litre 

0°C 

18°C 

25 °C 

1.00 

6.4300 

9.8200 

11.1730 

0.1 

0.71540 

1.11920 

1.28860 

0.01 

0.0775 

0.12227 

0.14114 


IN • 

p^j— -bjjJI Jj LkJ ■^ , JjLhJ I JLaJ*<f) y I i>-j : JLw 

J Jj_>jll Jj -UJ I i-jjlli yl jJj , 0.2765 ohm 1 m _I * p°25 il* 

. i*L»JI ouli Li 450 ohms i*L>JI 

_ „ specific conduc tance _i 

.•. Cell constant = — m 

observed conduc tan ce 
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0.2765 
1/resis tance 


1 (9) 

= 0.2765 x resistance 


= 0.2765 x450 = 1244 m" 1 . 


| j4 #jj3 (Jj - ! J I JjL»v* £ 0.05 : Jti* 

^yLSL* ■ _ ■ ..■■>■ i . 40 L»jji c*jlL« <J "^10 x 4.5 IajjS oL-uj 1 0 x 1.72 

. jy >» «jj i-JLojMt 


jwt 


length (£) = 1.72 x 10” 2 m 
Area (a) = 4.5 x 10" 4 m 2 

f 1 79 y 1 0~ 2 

Cell constant = — =— — = 38.2 m -1 = K 

a 4.5x10'* 

Observed conductance = — = 0.025 ohm" 1 

40 


Now, specific conductance Ls = obs. Conductance 
= 0.025 x 38.2 ohm" 1 m" 1 = 0.955 ohm -1 m" 1 
Hence, equivalent conductance (A) = L s x Volume 

= 0.955 x 0.02 (V) = 0.02 m 3 ) 

= 0.01910 ohm" 1 m 2 


Effect of concentration on conductance 2-JU3VI ^ jjS ydl ^ub 
. 1 j 'ic jx ju Li l^5tj c-JLdG^i) oLL*> y* 

. yyMl ol.i.V.t *j I i yJL>*ll S_»J LoJ> V I £sj~‘ >».' (2) pij 

Jj-UwJJ 5jLjj £_• jljj-i 4 ^3Laj^/l Jjtiu jl (2) tj* 

4 «_iill iXJt jj— uj . cJ.iii j»lll J_ifi 4_uLfj^f 4., «ji Jl ^jUljy£u)*jl 

|k-> 1 4— iljJ JL-Ic y*ju . Ao jjjJL LfJ oLfj'JL wiji ivlll Julfi <LJLoj*Jl 

M * •*• i-jjjil j ^LIS 4jL^j| jl wbuYt LjIc oy^yiSull (jj ^ylSL 
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( 9 ) 


Table (2) Equivalent conductances of electrolytes in aquours solution at 25*C 
(ohm* 1 m* equlv' 1 ). 


Conoantntion 

Cequiv/litrc 

HC1 

a 

HjSO< 

NaOH 

KC1 

A*NO, 

H 

NiSO., 

W 

B*C1, 

CHiCOOH 

1 

0 . 0332SO 

- 

• 

0.011190 

- 

* 

0.00805 

• 

0.5 

0.035920 

0.02225 

- 

0.011720 

- 


0.08880 

• 

0.3 

0.037960 

0 , p2343 

- 

0.012390 

0.01080 

• 

0.009860 

•• 

0.10 

0.039132 

0.02508 

0.02211 

0.012196 

0.010914 

0.00508 

0.010508 

0.000520 

0.05 

0.039909 

0.02736 

0.02270 

0.013337 

0.011524 

0.00592 

0.011148 

0.000740 

0.02 

0.040724 

0.03080 

0.02330 

0.013834 

0.012141 

0.00723 

0.011909 

0.001160 

0.010 

0.041236 

0.03364 

0.02370 

0.014127 

0.012476 

0.00827 

0.012394 

0.001630 

0.005 

0.041500 

0.3649 

0.02400 

0.014355 

0.012720 

0.00932 

0.012802 

0.002290 

0.0010 

0.042136 

0.03995 

0.02450 

0.014695 

0.013051 

0.01131 

0.013434 

0.004920 

0.0005 

0.042274 

0.04131 

0.02460 

0.014781 

0.013136 

0.01187 

0.013596 

0.006770 

0.0005 

0.042616 

0.04296 

- 

0.014986 

0.013336 

* 

0.013998 

0.039070 


i^aJI opIjDIj Jl» 5*j2)l oU,»Jj^J^I £*j . y * T Oyj ^ 

i_jJLeul ( _ f k«u jljll sia (jli liflj . \j*£ y-*I 5^JUoj“il j ji* 

L*Jsu . 2^211 Jljjl oi_* 3j 4-jJUI J*)UJI J VU 

olj^jjJI ' ‘ c vILwl (Jjlw i>b (>oLt>'Jl) i^aJI oLS^I 

3 «t-l l opIj2JIj t SjL^. jljj3 fi S^JUI 

, <»,;«■ a! I 

( y S u J 3JI ji-*JI JjLSu JjL*ulI (A) f-j ^ C>H iAjLPL£ 

si-» £j3-il «ljj . 2_io«l! J^jl — **JI j yJ Vj^il ‘ 

Ji* xCm iiJLsu'il JjLw a»J . ol±k*il ,jip i*iu iljLJI 

, 2ii*JI 

Ao = Ao-bVc -4 
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( 9 ) 


* 1 

I 


8 2 g 

04)12 0.017 04)43 
0-010 0.01 6 0.042 
0.00« 0.015 0.041 
O.OOS 0.0U 0040 
0.004 0013 0039 
0.002 0.012 0.031 
0 0.011 0037 



0.20 
~ / c “ 

natt •* A *•»•» i/~c tot “4 «Mk eiMrofrta. 

( 11 ) 


oul_i (b) 

L»£ JJjUII sl^J tjjil 

J J-^ J-i f— j j 

Ao ( 11 ) J£-Jl 

Jj. — JUJI tj f) 

. SoTJl 


(ijLJI jjSjjll JI J 
(C = 0 ) jiwoJJ 

Ao = £)_ -kill «j »J| 

i ,. »l l JLjJI (J-iijij 
^*11 


Oil 


( 4 ) iJjUll LfjLo- ySb* A 0 .(b) tS j 1 — »* 


Kohlrasch’s Low and its application 4 jILuJx>j j&j | JjS 

J-** Lrf3 I Jj L) 2iJ)ll <> ioJLoJ)fl J*l*j jJL*JI li* 

. ( 3 ) JjjjkJI j y ^ i * 4 b. ' C^bjl aJg oac pi 
Table (3) Equivalent conductances at infinite dilution at 25°C. 


Electrolyte 

A. 

Difference 

Electrolyte 

■H 

Difference 

KC1 

0.01499 

3.49 x 10° 

hq 

0.04262 

0.49 x 1C 3 

LiCl 

0.01150 


UNO, 

0.04213 


KNO, 

0.01450 

3.49 

kq 

0.01499 

0.49 

UNO, 

0.01101 


KNO, 

0.01450 


KOH 

0.02715 

3.49 

Lia 

0.01150 

0.49 

LiOH 

0.02366 


UNO, 

0.01101 



“1 .iuLJ A 0 j Jj lAl l L4J i.ujll lj ^)Ui o& jjiJI 

(S^* tr''^ oLjSjII j OJ->j 4 » j t 1 f j < „ > . 1 i*il | yJbj . yjojSl yJLtf .Xjulaj 
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( 9 ) 

(_ i L U > ' H _)_»_) ^ l l ' u..il Jl J-ey J'il j i_j jlii-l £j Jj>Ij 

jii jjli’laJI j^hJI JUly ^13 otj^iSLJ^It J£3 dl£iu!l *±ijj>. 

dlj3-Ul y_c /U Jj-l>.tll Jjl>. ji — JjAOy <jjjl jaI£ 

{ jSe 1 ajs .I , *l*j — £> ■ oJjjliljU J^-ejjJI ^liLi sL>o jJAi J,L^| ^Juj 

<jjiUb ( j * • ■ ■ «! u_jiLs3l lj-*j . Jj_L*mJI j i_**>«lll oUj^Sl J£ ^a (3-^Jj 
i — j. . iS^ t ^lJ jjj .5JI Jj l»i ij'J Ac <j! J-aJ 0 Ija (jj . -Uil.-ll oj^k^JU 

: JUI^I^ 

Ao = x; + x: -5 

oUj^l&J i_i. jj,>vl!l j _le ^l—SL* La X_ t X + yl i *.!,)>• 

JJLa'.J j>Ij^»- o_>Ij (jj l-» . »! l JJLa«Jl J_£ . Jlj—JI oL^u'ilj 

oL»v-SJI J-i” ^Jumj oLJ^jU jii-SLi jj_e ^-Lc oj— < 4ili.W» ^^Jj^lSJl 

(j^-Si o U> .. t . l l |j| . JJLxJI JSJ sjj>Ij olJ^Sl 

>_ i i vl l JjL*»*U oy]jjl£J5U ^ilSLj yli Ij^Jj . j lull 

Jlj_jJI 1 j-1a (j^uLSJI \jAj*i La U_ , u+ <jl _jli . oljy'il Xaj** 

lilLCj— Jl «>ij >...»■ .^Uju (jl U - » j Ao Ijl . j3-» J-SL! CjJ_)i 1 Ojlj-i* o>j 

: li^Jj <j^>ibU 

A“ Oo(u+ + u_) 

or A 0 = K (u+ + u_) = Ku' + Ku_ -6 

Ku_ « cjU^ISJI j>1 ^ j jJtJ Ku+ / j ^. > o^Jjjj-iJl J_5J JjjLJ (K) 

. Jj-cji3l JSJ oUyjjU 

Ol jj»J Ao = X + + X_ JJjUII <>»j 

X 8 + = Ku + andXl = Ku_ -7 

Jl J«aj (ji <ji»i (5,6) (j^jJjUIl (> 

X*. u . , X 0 . u_ 

— — = ± — = t + and — = = t_ 

A 0 u + + u_ A 0 u + + u_ 
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Aaj+sfl (9) 

( ll) J-jCjII jj-«JI t_ oUjiSlSJJ (jj>L#_ll) J_*j^il — t+ tii.,; > 

. cjLj_yjSU 

.) ic J-j-ojjJI i— > 1. ■ ■ *>,! JjJ Lfj'j la> L^»lx>O^I JjLJI culi^LoJIj 

. jyJI OyJ A o s CjUj^U J^Ojil JJjJJ i_IjL»uJI ^5 £yt iiiivj J^JLkj 

t+ l,«,i L i> 0.0149086 ^°25 ale j^yi! Ao £,1 a>j : cilia 

Ij] . 0.491 ^ frjiH - 

X°K + = 0.491 x 0.0149086 = 0.00735 ohm' 1 m 2 

X°cr = 0.509x0.0149086 = 0.00763 ohm' 1 m 2 

jkJj Jja>Jl_> {j|Ui l»6 JilU j . L > L » Sj (Jj-ojjJI ( *^iLSL»_j 

( 4 ) 

Table (4) Equivalent conductances and imfinite dilution (ohm -1 m 2 equiv at 25°C) 


Cation 

V 

Anion 

AJ> 

H* 

0.034982 

Off 

0.019850 

K + 

0.007352 

cr 

0.06734 

Na + 

0.005011 

Br 

0.007840 

NHL,* 

O.OO7340 

r 

0.007680 

Li + 

0.003869 

NOj' 

0.007144 

Ag + 

0.006192 

CH3COO 

0.004090 

'/i Ca 2+ 

0.005950 

HCOj’ 

0.004400 


jl^Nl d>£*il C>* ^l* uyfy jIj 2*^I j i>Sl 

A 0 uy>^ *— j— 'L l» J -&*°y i>y) *Xx»-b 

ijS*i Sj_4Ull UijU^J (j_SL»^ <_JI <il^i>JI <_>ia> J 

. j>a]| lift jjic l^Lo* 

Ao (CH3COOH) = rClT) + X° (CH 2 COO') 

Ao (CH3COOH) = 0.034982 + 0.004090 

= 0.039072 ohm -1 m 2 equit' 1 
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( 9 ) 


^L» cJ,;< >* jie »lljl>»l! ^iiiu uu>! : cilia 

. ( ijj'il ^2JI ^Lat ( j i . > . U I jloiilj) . ji 25° Sjl j>- 

Ao(HCl) =0.042616, A 0 = (CH 3 COONa) = 0.091 
and A 0 NaCl = 0.1265 

: cA*i 

X° (IT) + X° (CH3Cocr) = (^°cr+^V)(^°Na* + ^cHjCocr Xk'W + ^°cr) 

•*• A °(CH 3 COOH) = A ° (HC1) + A ° (CHjCOONa) “ A °(NaCl) 
= 0.042616 + 0.0091 -0.01265 
= 0.03907 ohm -1 m 2 equit -1 


ojLjk^I O-^i! cJLjiiall j_ic yLjjjJI 

. j>25° jja JiLoL 

. oL> u&+i ^yilic* : cilia 

Xo (Vi Ba +2 ) + Xo‘/ 2 so 4 * : = AoBaS0 4 
= 0.00364 + 0.007980 
= 0.0014344 ohm -1 m 2 equit -1 . 


Ionic mobilities ol5 ^>oJI 

C 

pIj-s*- 7 i$i (yJ j ,yL£i »!^*o lx* J*l>- jj-xuJ 

1 1q -j * 

£—!j* y • A>ty j lj~°y v** ^ * y* 

0 I 4 -J (j-lwy O^Jjy£k)5U J&eyllj . Cjjji ±>\y Lp’yijj X>LJI 


: 3i!>Ull 


A = Ls — - ohm 1 m 2 equiv 1 
10" 3 

(5) pij UjUJUj Ao Jl Jjjj UU A C)\ oejoj JjJLxJI y_>£* I j| 

x ; + x : = ls — ~r 

10’ 3 
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( 9 ) 


ls =(x; + xi) 


a 3%«J! oifj jUI p! aLuJjj 

I = = E * Ls ampere = ( ~ = Ls) 

C 

= X\ + Xl — - a mpere, E = 1 volt 
10 3 

c 

J5L> t (X + + A, _ ~ ) jlaJill yLi 


oJy 1 8jjJ jjyj i^jlj J£J yjt ,j5i] Ajjjjj^l <^1£JI 4_£_j_J I U-, U+ (ji jli 
J-»lj oL»ul j ^Ja— . J^L_> yj ( _»)-< ji* Uf Jjb J>L>- JS^ (jli yt J£J 

l _ > a5’L*i! ol — *J^I j yj j3U U. Jjb J^L> oU^y'jl ^ Ljyj t A^iU Jl>-Ij (J£J 

c 

o_>lj J-SJ (J- a. 1 h (jj-lt oUj^jlSiU yil£j »ly»- [(u+ + u_) ~ ] lj| 

10 -3 

jj*Ij jj-lajj ( 96.500 yj^l jjs “ il 1 a^JO 

c 

BjLlI *-Li_ r 4 _£J I a. „| u 5 [(u+ U_) ~ ] aSuImJI aj^jJI ( y*j cSLIji 


: liflj . (X° + + XI 


) ijj£j AjjlaJI J}L> 


F(u. + u_) -£j-(X\ +r.)-% 
10 3 10 3 

F (u+ + u_) = (x; +XI) 

Or Fu+ = X+ and Fu_ = XI 


Jljtfly K. — F (jl jsfj (11) _)J (7) aJjUI) qj 

x\ XI 

u+ = — - ~ and u_ = — 
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Shut 1 * >4^1 (9) 

^ yjt / oJji -L>lj 6jjj -L$-> Jji O t a o yj^f (jl ■Ltfjr-i IjJ 

(5) JjjjjJIj cjJji /i^j U / jjj Ijj>j <a5j^»lil) 

. 4^5j>u1! <juL^JI oU^j^U ^uJI (jjo,; 


Table (5): Ionic mobilities at 25°C at infinite dilution 


Cations 

. _ . 

Mobility 

(m 3 sV 10*) 

Anions 

Mobility 

(m 3 s'v 1 10*) 

H* 

36.30 

mm 

20.50 

K + 

7.62 

HI 

7.90 

Na* 

5.20 


8.12 

Li + 

4.01 

i 

7.96 

Ba + 

6.59 

sor 

8.27 

Ca + 

6.16 

NO, 

7.40 


ji — uJI y_* 4-^1 lc 3 .« _ !> ckt — 1 jj y*-»-jbA!^l (jl y*s 

4-^*a j 4_*1U 3__>jj L+i brt-Jb^ 1 J^kj • “ky^ 1 ^>*^1 

. (oLii) ^y^Ji 


Application of Conductance measurements iJLajVI oLLj oliujsu 

U5 LfJO-O^j J^lill J*J y-ljjil 4 a$ 1| oUjjJaiJI yA«J 

iaibjjJI 4^u > w> 4_uljj j jl>jl — i 

i - Determination of solubilits of sparingly soluble salts 

J^U>vtJI j yUjiil 4^fcU- -V - l £>>Lii 4-*»lyj y-» 

JJL«yij ala JjI oL<l^5 jyl» i-ul ^SJ I 

*tl[i ji 5 ji 4..A«JI 6-* ^.i - A ,» Jj— L »m i»l t ,jA k_<Li>J <ju-U1I 

JjU* y-^u dUj jjy (Lh) *J jjAyUI f.jLa *L» j (|»>okJ* 
j»_)JL«il »L*13 4 t L i t Jj»U O^iil a 1 a . (Lt) £iiil Jy LastU 

: y ^l«l,l 4-*J* lij • ^11 Ij 

Ls (salt) = (Lt - Lh H 2 0) -13 
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( 9 ) 

JJjUII UjL>^J (jSj^ l _^i_c^jJI (Is salt) wL> £>jj 

10" 3 

A = Ls salt -14 

S 

i Ijj> > a a. >«.» uj&t JjLkJI l« ij.) . ^Jul) (jjJ /^LSLi) (S) 

Jl* (S) jL>^| ijSuj li» jJ-ljJj i Ao ■jf- ljji£ >_il'i>> l i "ij 

10~ 3 

S = Ls salt -15 

A 0 

j cl hull olp^ll olpSli ijjAj cr» A 0 

. Ijl >,c Ls(salt) jLs^J (jiL*,; i l Ao iijAj (jjj , (5) 

j»25° j_lc 4. .Ail) jl>j ; lUjm 

i 1 ji-i 1 pi 10 - * x 1 .6 oul_5 |»jJfca«2! *UI 1 pi 10 -4 x 3.88 

j 0.006192 #jj* jj# (Ag , Cl ) 4 . Ai . 1 I olp/il 

cj_» j_lc jjL) / |>l y>JL> »UI j 4.. Ail I jpys LuLijj v...,i. -„>• I . pi 0.007638 

■ L»-jjJI 


Ls(AgCl) = Lt-L H (H 2 0) 




= 3.88 x 10 - 1.6 x 10^ ohm tri 
= 2.28 x 10 -4 ohm -1 nf 1 
and A„(AgCl) = X,° + Ag + + A,°-(Cr) 

= 0.006192 + 0.007638 
= 0.01383 ohm -1 m 2 equiv -1 
0 i 4^ S = x Ls (AgCl) 

i A 


S = x 2.28 x 10 -4 

0.01383 

143.42 p i-SJJI j»\Sl\ ojjil 

Solubility of AgCl = 1.65 xl0 _s xl43.42 = 2.36 xlO _3 g/litre at25°C 
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( 9 ) 


, . .,>1 1 1 Out wtSjljJI 4j> jJ — ii 

ii - Degree of dissociation of weak electrolyte 

JAJL>- J— 1» (jt (ja yaj A j\ jfiJ 

^Li jJl« J i.s,y\\ ^LSLij y^J ^I ^U (A) (jj oL> »iljl>JI 

. (5) iljLuJL) I2 jJ> i (A 0 ) i^l^J 

Ao=K + XL 

L-o^Ij Jj„ 1»mJI J ollj^f JOC 

olj^^U lw i 1 L«-fill «lK&‘ll <jj i^jji V~t( <^Ljlc ,jli viDjJ iiuL>j . 4lS^» 

■iLjujj (>• jiLSj 1 (jayiuij . ,j*y±uA ijjj li*j *3&j> j j&il 

<jli |j| . (V) ojjJ lJ ilM j- 1# JjJ*a j (otg) 

. i3}UJI o j^j ^jLuv 

A v =a XL + a XL 


= a(X; +XL) 


-16 


Jk_> 1 'J ,.MMJ) V v_i_^A>a]| > jg y-lill jjlSiil (_y* (Av) (j! 

<u_~<ibj i o^JjjjuSJMJ >1L5 juJI j-*y (ot) ‘ (JjJL>jJ 3 p(V) j 4- >la« ^il£# 

: J* (5) iljUll (16) SJjUII 


1 j, jjjitVi 'ij i_i .jo-rJI ^jift |j^> (17) 4Jjl«lt_} 

Jjju Ijl . Lj.U,g ol_~c^Lxl!l J£ JulC ULj viiSjjy oi di^> OyJjyS^J'il Jjlc 
o Lie'll 4 - l lL>IJI fait tjy)\ 

, »lKg~ill 5->jj ( jic ox^Jj 

: iljUll o j-fl UjJ till J yilSjjj (MA) juju (j^lj 

MA M* + A" 


A" je^j3 1^1 ‘ i>-jj - a t j»} I6y» C j£y ol jPj 

4 J_j_» C (1 — a) 4 ££jj* SjUI 4 _^*Sj LaJ a C M* 4 Jy* cl C 
: U^UJI ox+j #jL>^| toS* wISajJI 4iuU (jli 3Jj£J! J*i <jyt3 j 
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_ ^M + X = a2 £ 

Cj^ A 1 — ot 
j&J i i * >—! — >■ , ; (Ot) jU (C) j£*j JjlCj . <jblj Ka (jti 6jlj>J! O_jo5 .iiCj 

_^»SjjUI £_j viLSjtlJI * — >jJ (j^ (18) iljlxllj <jblj Kq <4^3 Jjokj ,_jl> 

(3_j1x> 5Jjl*ll oj_» . (Ostwald Dilution low) .1 JUx-ji ^ 

I (_>dLiy>^ll Ji. »_iii K'All ca^J_jji5J^U Lfj — p « ■ ■• * jl .kZj 

_j_» 10 3 x 1 .028 oj,i_Sjj v* 1 >J I (j J >»-> J ^LvjJ ^lSj : JUw 

L* ji >J j Ic Jj UJJ J-ojiJl /jilii . j»25° jJlc |»jl 0.004815 

. ^iSjjJI Ija J Le (_> A j,>J.) i‘.Ki*H ouU i_ i..«>) t jjL« pi 0.03906 Jj>-j 

iljlxll oifJ 1 *jJ wljlaJI 

CH 3 COOH > H+ + CH 3 COCT 


Swj4^ (9) 
-18 


JJbUJI a ooa>JJ -*Kj~ll cjjLjj 


K„ = 


r x r 

^CH 3 COO~ 

Cch 3 cooh 


OyW Lrjuj 


Ka = 


a 2 C 
1 -a 


A v 0.0048 15 n 

ot = — 0. 1232 

A„ 0.03906 


C, Ot p2l iJljjuLtfMU Jii !^y> 10 X 1 .028 (C) j£j> (jl y tt^ j 

: ^yl# iSjLJI iljLJI j 

(ai 23 ^aooio 28 ) = ; 78xlo . ; 

(1-0.123) 


. jia p! 10 2 x 58 * ^25° jJlc jjijJI »L»U ; JLu 

(_j — * H 4 <>d — OH - ol_J^5U j-ic J-i-ojiJIj 

L>jjJ! ejj> jJLc *111 JiliSj jl» 1 pi 0.034982 t 0.019850 

. »LU I . 3 p*/pljjfc . 0.9971 
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Jl wISjluj *Lll (jl ^LJl <jj 

H 2 0 ► H* + 0H“ 

A v = A s = V LJ^j t A v = A s V t_i _jik» t »l»U (a) »iKi*H jLk^Jj 
.JUltS" *. *IJJ /yilSL* pljjfc jj>Ij ^ic i_m5Lll jlDL p-*v>JI (V) 

V = - 1 - 02 = 18.08 Cm 3 = 18.08 x 10 -6 m 3 
0.9971 

t 2 S-, '■ fJ i 10“‘° X 1.05 = 10 -6 X 18.08 X 10" 7 x 58 = A v v L*Jj 

. *UJ JjLUI (j/uL! iwijill (equiv. Conductance) Ac Cs^^J 

Ao =X;(IT)+ Xl(OIT) 

= 0.034982 + 0.019850 = 0.054832 ohm -1 m 2 

j C, ot ^»i! ji] /Jjj 10 3 x 1 .028 ^ julp »L»U 

.|»25 0 (J. rt . > ..> ILpLJI JJjlnil 

A v l.OSxlO -10 , 

a = — = = 1.9 x 10 

A 0 0.054832 

C = - — — =55.49 mole/litre 
18.02 

jjSjjll |jl 

CH + = CoH- = aC = 55.49 x 1.91 x 10" 9 = 1.05 xlO" 7 

ejl»^l ySL»i »L»1I J-oL*Jlj 
Kw = Ch + x CoH- = (1.05 X 10" 7 ) 2 =1.1 xlO -14 

10 * 4 * « t ull x>_p Lib »l*U K w Ij^Jj 

Hi- Conductometric titration Jx* j2Jf 5 jjUII - iii 

J-U.U M_Z^k!! tXJtj jjjlfjJl <Jsuu!l ^1^3 

j^Lu £-A) jU . ifjLuj 4-li. LfJ J o <a« > (jj pji*j ^>"-> 

. il5,i (_>i*L>JI l jLe oL»v<JI jj <^*5' iiLel jju . 3^>-l»wJI j 

JjUj ( ~ ) Jy ■>.».' I (jj iiLel jju 3_*jlSJLl y*l23 ^1 
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ffitficteict 



^ II ij—t . m -Lu> Jjl*^ ijJLeH/l j±i5 JjkJ , ciLftll <->-l ■>- .i.11 <j» p>oJI 

. till I <bju Jj «jj JjJ (jjuihiH CjMjS ijjl*U 4jL_> (jj J»l2J OAC jj-i 

a 3*Uj . JjUlit <L£jj ^>..4* i«, f ij » 5Ja2j <jli . j^l j-ljlll JjUi)I ^k>- p_jJj 

Sj^IaII c^J> jjJLc j«~i«~ cjI^Jl>o 1I . ^ v u . i ,^.i j^Sj Ja-a JI (jli iJyLxi 

: i,u^ll v^j“il>JI j on* y> US 


{jtJyal\ J*-SjjJjA Jolio JS Jj jjUj 



m/of base added 

!</ iJ»Oj ,>«» I j/Ui (1Y) jts 

j (<yji) <Jjk 
. (PIT) <*,*» 


UjJkJ : \jm> ao 4j^J ojlpIs — 1 

^ >1 > JjI 5 » ^JLeJ^II j I |> 

<jj-u _y> US’ 4_iLoI! ^j^aJl j^-*S_jjj^» 
<jLj SicLiJI 3_iLil JjS . (12) J£-UI j 
■*'j •*■*'! J JU <J (_yajj>Jl Jji>j 

3_,Jlc J^UuJI cjUjjj^U 

yLj Dj^UJl 4- jU tf . J-,H»_jj3l j 
(H 4 ) Orf — ol — Jjji 6—* v 
Na j i »L_» (jjjSjJ (OH ) J ^ x iw 
<j-4 JjjjL-JI) J_»i ij&oy <A^S <J ^iull 
4iaij Jl (J_^Ls«jJI j (jjJ^jjJjSlI 

j ojl^j i£j s >J JjlxjJI <Luu jju 5iLo)ll ^jUg 


J_l*j BC Li. Vu ^JUIj (_)A . «>U ,Jj_ej3j| JioJ (AB) ^jjooJt (jl Jl jxJ JS.tll (jo 

OJJtLill (j-t "Jj (j A -«, *l l (j-J BjLjj Jlxjj “ll (B) <kill| jJlCj . ^11 1 j OJuPlSJD I 

. ijllfjJI ^Jaiill jl JjLuJI <Jaij Ji»3 viU jjj 


i J...*,«j AB (jl jjjJ (12) (JjLJI JS. tl l (jo ; <UjS SiAtftS ^o Ji>^ _>aol> — 2 
J^_>j] !_Jaj ijjiJl SaftUJI J,uJ B C Uijj t ^Ulj 4_ijo.AH (_>Aj-»JJ ^i.xi # 

<(J M_jJLoj^l * ijt (jli 4_ i i L i «. A (jAa>JI (jl lI ij - x j . ^Jilj (t_5_j5J I OH 

i-jLfjJI 4 ,, lit i j \tj . CH 3 COO J j . Ix k H j jjjl Na ® 

j ijlU <*jj J jfjjj 

. 4 tll^ X4» ' ^ (jlllj 
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(9) 

l» y&y ^ I -V* £— » J-S' SjJ — iu j U5 : 4 i u » ^> oop Hj u&&> — 3 

F> . j 1 — >£ (D'E'F'), (DEF)^ 




E F 

^s: 



| r E- 

D' 


1 

t 

l 

1 


i 

1 

1 1 

1 

! 


cJ . ^w.Atl d s J 3 -Jl {^>A,— 4 >» 5^1 *» 

I — j t^ I u i i. jo . Al l 

■Ijj 1 . » « J L il.>-jJ liLajj cjLA^j 

J-i J— 1* <>» 

jLv^L >l lj , l> Jl u^> Ji« UUim 

(j u > *ht) i — -t x«jJ Jj^mi !>.«!! J j -"j'li 

j Jj'il iJaijJI , ^ulvljut 

0*— ') ^ Jj-iJIj J»>-1>«II 

. w ljl . Vl l ^jLuuJ (ijijlUlj 


m/of base added 

2 V> Ij*Uj ji»>- 1 jrfU> (Nr) jtt 


Lf.» ,> a<u iJuMeUl! SJLi-ljJI S^Ldl : uuj jill oileLu — 4 

x^ (jLi 4. . n i l I cjIjU £_• ^ miIj^jJI 5j^Lu x* . JIjL* Jj-ejjJI x»L<l^3 

. 4^J*il ii^UU LuJ 4 _oaJI ol^u yj J tjj— p^wb^JI 

(K + +CF) + (Ag + + N0 3 ‘) ^ AgCli + (K + + N0 3 ~) 


, <Jo2J i LJle 3x15 Jku J^^ill (jl Jaj-^15 LDli 

^LijjJ f jJuJU L^Jli 4 .Ail I viiljju (jj 4^«f iiLobj ( JjbuJI) 4,tii„'i Xuj 

. lii*j t px>^l -v-^jd-V* £« ^ ^ 4*11 t***3 6^j • j iyr^* 

The migration of ions .(oUj^SlI S >x») ixjxifl 5 jjk^JI 

LfSi>»-£ ■> JUS L^—ii 'jf 4 i , l^ ».« cjIcj-u J_^Jl J ixljySl jl <j* 

jyLS j_* jj_x j_» L*f J !_>■■« ^yjb Ci>j Jy,>..JI J 4— «j4J«ll <_»Ua£*^l jlc 

. jljljli 

Cy> Jj1><j <£y>3 (j3Jlj (14) L-ull JiuJJIj 

Jl j- Jui 4j.l.>]|j (olJ_yJI = oU^jlS) 3JUI olCjXKtJJ 4 ,>jLa4 4 Ll*jj X Igj »„>■ < 
j_SJj J »>JI oljl^j £uu ( ji!lj (bb ) (aa ) (^LjI) oIjjk> <i^U 
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*JI . (D) j j-a jL-iJI (> J»2i iiMJj jJkll 

J-2* LfJ i -i-<J->v I > cuU^bU iiiL5L» <*«£ Jaii oUyll5 3j}tf Jliwl ^ 

J->>! 6-^Jj Jj3L-SJI 6jJ^> j t >il)j ^ . 4j Jbjill c_Ja2JI Jdt 


. 5^»^> j cjljyjj- 

icj — <j J j J>«JI j lj_SJ>o cjLJ^u'ilj oLJ^olSJl (jl y — 2 
Jl jL-^Jl #L»ol j ^JaLiJI Hj>u 3 CuUyJI sl»J dJ y*jj olj^ulS’ 

6 — * *— . (HI) Jx>JU o±+> yjt L*5" Jj 1 •>■ «U i^w-oyi 3JL>Jlj . jjjSlf 
^ j ja 3 LfJ ** * x >■ oD^lj c^U^uliJI 

• (°^<3^' jjZJI loyx* Loyi 

j o_5jjO oLi^yl ^_4 J_>!j oL_>Jl j LSjjO OoytSJI <> ,^uj| ji -3 

y* <-a» JA A)lj . 3 J! 2 4 a— uj 4_pj/il Jiu (jli lifJj . y^Ull {>1>J^| 

. IV Jx*JI j ^-olj 
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( 9 ) 

Transport number j*>J! j|j*j 

(jaJu j oUj^l i (u_) j <L (u+) ijl jJ 

(u+ + U_) ^> * > U i— *-<Uu3 »_ij— i ^jlJI »L^£]| 4 h u^ (jlj , uijjiJI i?*ij ol>«3j 

<JL» ,J_£ j U_ , U+ i_wlju3 (jyl JSJ 4 lflli 1 [ jf <Jjt>.all 4 o*£JIj 

, JUju'il jjjy> oU^'il <t>— <1 Jja>Mill ^yiSJI jL,u)l ijjjj-j 

u , u 

t+ = 1 — and t_ = -19 

u + + u_ u + + u_ 


Jj JL > uD JXjJ! L_a* t_ , t+ (>» 


it = Hi 
t. u_ 


: J-oj»o (^- ) * * •«■ «. > j 


t+ — t_ jJLcj 4. alk ll Lfltj-. e^iL* i—u-Uju oUji^U JUlj'Jl jloci yi (_ji 

(jl >.->- > ^» ^L5D jUjol j i^jLuaj o £x« > oU^^I '^S 

* * «• .. . 

; (jl <_$ I e-A^^U lyjLu 

u+ + u_ = 1 -21 

u . 2 

ji-lil j >ji ~ 4.juiuJ| jjSi Ljiic , (14) JSui j ^SUiJI 

4 J jCi J 5j— >«->• j LjJ^u oUyjl£)l Ijl* A jjA ^j\j yJ 

^Ijil (jilill jjjJI Cij&t u^j J yfj> ^>U Ijjij ^ISj 

. 4i» 4 j»jL>JI CjUja^U >£jy>uJ! icy-/ p-t Ljjiwlij^ jjj* (JbL> Oy^j> (_jl yj 

No of equivalent lost from anode compartmen t _ speed of cations _ u + 22 
No of equivalent lost from cathode compartmen t speed of anion u _ 

4j^jkl! <k .„| yt Jjjuil JJjdl l^Lt£ SjAH^JI jl>^f S J-C-Lsj I jU_£> yjyjUAll! y^i# 
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(9) 

J 5 L.UL j-> US' 534^^1 : (Hittrof method) 42j J» - 1 

r — - m than* port t— -1 r— > JLiul 03"* i> O&i (15) 

TUBE 


COULOMETER 


4 ■ bii 1 1 ij—t j~ jt-4— >u 5 jj 3_4 

4_jjUajj J_uaij (J4 >J( jj_J jj^Ljil) 

£— <j|j ^ a L* 5j . e^jUuU <L*jlLi 

Ja. tua) 5j_5UI j j~ «jll« jl4_> a»jj 
jJj— « J}L_> <ijL>J (_5 1 ole jLuJI 4 a.jl 
4 lyb 1 j . 4_j^jj'il j jljjJI 

^l—J jl_4_4>- - (Transport tube) 
k±J^LJ 0—t i J_>Ojll JJ.jJJ 


at SjJ *> _) J_jj 


jisji 5 , 


LaaXTT— < 2>-^4 i|j= -J . J c 

RESISTANCE ammeter 11 •ATTERV- . .. . „ . 

It** 1 S>f4JI u-U i 0** 0») JS-J ^ b ^ u ° jLjJ 6-4 **->**' “■“ 

p .) i> v » . 4 Jj ! > .,» 

(jxjjaijl . ^_jj3L> >l)l., £>* Jjj'il V. 1 hi lu£4 (l>j)J) ij. » > i i i^» 4 j_iA JylSDl 

Jj_LkJI j jUaSlI JJ — »jj jijll SjUU 3^Sji)l ^juJjjiSuJl 

Jj UJI i>3i p^ jUsJl J-cUUj . t_iUa5^f! ^JJU sol 

ojLLl tLj^SDl . Ji>^ ^5 frjjj t a±> oIjjk>JI o»-l b* 

JJL»oJl j-aj . jl 4_>J1 jjj (jj jjilSLJl uj.jM j ojLjJI (>• (jjjAj Jjl»v*Jl J^L> 

ulS US dulj Jl>J Au> (jl v— L>o j tlaJljJI tj^KlI J^l >.all 

. i4j>all Jji j 


resistance ammSter 1 1 •ATPERV- 
u-Ui 6*M <\ •) J5Li 


Iaa £-ij pl^> 100 j olj^j5 (jj pb^ 10,06 (j ; ji>v 4 : Jti» 

s- u— mij 3 oj 4 ^l JJUuJl jlajj ( oJ^f o^ajJ JjJjkiIJ (_^L>«jJl (jj ft u bi J^l>jJt 

J^J. > .» pb-> 54.565 1 ( ' < > 1 1 jjj y-l—ii*) jS^y^Skll j 4 _a 3 pi^ 1 .0205 
J « > » l l JJ-* > ,, . y-L>aJI obi^S lb* pt J> 5.726 

. SO4 , Cu ol^iUl (_^l>oJl 
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Before electrolysis 

Weight of CUSO 4 = 10.06 g 

Weight of water in solution = (100 - 10.06) = 89.94 g 

After electrolysis 

Weight of CUSO 4 = 5.726 g 

Weight of water in solution = 54.565-2.725 = 48.839 g 

89 94 x 5 726 

Weight of CuSC >4 associated = — 1 — — 1 = 10.54 g 

48.859 

Increase in weight of CUSO 4 = 10.54 - 10.06 = 0.48 g 

0 48x2 

Increase in weight of CUSO 4 in solution = — 1 0.00601 equiv. 

156.6 

The total current passed in the cell is given by 1 .02005 g 

Of silver or equivalent = - = 0.00946 equiv. 

107.87 n 

OluD (jjy I j Sjl^j i (>• y-UJJ k£>.X*0 pJ JJjJI lift 

Cu +2 = 0.00946 - 0.00601 = 0.00345 equiv. 

But actual increase = 0.00601 equivalent 
= Cu +2 Jj I >■» j |_^*l>aJl j ofliUlj 

. 0.00345 = 0.00946 - 0.00601 

Transpart number of Cu ion (t+) 

_ No of equiv. of Cu lost in anode compartment 

No of equiv. of metal deposited on the cathode in compartment 

= = 0.365 

0.00946 

Finally then (t_) of S0 4 ” = 1 - 0.365 = 0.635 


Moving boundary method is tiyjf 

dl)j t>LAL» JL> Jjx* iwljjJ Ol iuoj <A^k)l 9JM 

jXJ J .3 ill I JJLjJI jLfcj'i ujJkll yjk 1 j Ck wUajSl JulC jikj ^ .uO 

JJj j fJjjU J ) j-»! ji>lj wUj ^—Lc ^ Af j 

. (jA «*»ll £_• .!« (j^j! yjift ijjJtj JjU 
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COOIO*4#ff ft 


£VbM ( 16) j£s. 

iiywll JJ-\ UjJaj 


*#jt * 11 (9) 


j 1 4 «h'*n 4 jJj*C 4j^jJI j <jl *.£) yj 

^jl_j £__olj X> 0*0 ill*- (jjjj (16) )J5i.tJl 
4 ill .1 1) ijjk,. . 33 JoC (jiu'il 

jl—fjJl jJj— I ■>■ ,‘u Cj . Cd ^ J-JjJl (j— « jaSI 

(H ) jj- liili^l (jLj t 4_J^jj^l J*>1_* 
yjj JyL£Jl i,i hilt «L_*o ^jlcS ijj*v!w 
J_>Jl iSj^> jlc LiijL*j Cd ^ 4jjJau iSj>- 

. 4_»wiiy I 

jlj_c1 4 *U,>W3 4 _>ua 1 ^jimj iijjiJI «j>j 

4_jj*dJl JM_> (jlj. ^>j_J jl*!*! I (jS J_*>JI 


“» J****' | S Jl*U tli jJUU«j !i> . £_C>lj JJa^J 

d£ 

wlj_»iJ 4_>jjil S^JLlI (jlj . 4_Jjju*lll j jjLi/ iZoJy tljLjl u J_ie ^ti. .1^ * (jl 

dE 

(I) i .ti.,.1 *- — = iR .ji (jyLJu Jl>*Ji ** i_j-<Uju oUjj*ii 

dX ' - '- r 

4_l jUilj 4_tjLu = R i (i^^l filial o-L-dl ix>j I jLjJI) jLjJI iiliS 

, 4 i^toJI »X£a J-ljO 


Cd ijj ( _jl c l (H ) i>Llj U . 'u i . Jjl>.«ll (L) i— ij.> 

lL j jlSjj Vj ^ 1 1 (_>iu*- Jj l >K £>£• Jllj J*Jl ^4 Jjjjl pj_tAjlSJl XtjjlS Jjl>u , 
^jxtjLSJI xjjjJS Jj ,!.>«! | jj^, £11 JIjkJI osJti (j) Lx;l , a»JI jJju (_j jJI 

(H" 1 ") (^^ji (jt y liiijj . jjjjISjjoj'jii jlkJi ojui ^ ^iSi 

(jl jJj J-*Ul!I ^buaJ b l yLcuL ^,U >>i i_i y* i_sy}\ JLk*JIj . x*Jt *bj i_il*~u 
4_>lj jL»sJl j (J-j'lll JjL»J! ijjlaJ J-oliJf ^ji.ill j.l.'uj Cd ^^*.)15LI1 (jy > I 

.(J— jj^jJI jjib) 4 o1*aJI sjjt . J_*UJl ^i> M i, l .l »j4 i_iL*JI Jl <iSj*-j i_i^w 

— ; (^uli _y> US jLf*JJ oub Ulb J«oULll x*JI Jjckj Uj 

4_«ij j_Jkj ^Lill J U.1.J i (j4 4_>Oj_l |jj jlftl JylSJI i;.iil< 

(H ) Jj-^l J— >o Sj-JljJl j jLoll jjy_« Ja#_j , p^xtjLSIl (jA»j (j4 (iUL>) 


- 322 - 





Cd 2 p_jx»j15l! 1 <j ylj . JjjISlJI wjlLlS Jo£ jlc 4 ju* ^jLc J f hjj <L>Olj 

( J >JI) J^UJI (jtj litfjj l J^j^ll I—Jaill jJlC (jji ujj <jl£j jj-L> 

i_j . f> ujL£l oijjjl . i_ilL>ll (J^ Jj) Jfrl.Xt j (FT) tjjjl \tj~a 

I jjj . ( JjL>v») p^yjlSLII 0 jljJ ijLwaJ tiLJ j^SLjj Jy^l 4Jx->I_jj j^->o 

, jxjJI Ijjb ^ic JiSiil jjjJI i_il>k> 

^Uu _^j> L»5 p^J^S (Q) jjj-* bb Jl aa lj— » djXju ,l»Jl yl ^ybyXi 
o', .ul ij £ m ojl .m bb Jl aa <J »jjll <il .^lij (A_.^vt!i ol») > j »Ji ^LuLxj 
j^k_JI) j_>Jl ^jL>JJ jlJjII p *.><11 ijySj JJjJ . m 2 = (a) ^daiu 

J jl_> yu ^i)( jljill *.}**> i (^ 3 ^ 96500) (jfjljli jL>iy LjLm ^ x m 3 (J-oLilf 

^xam 3 

j_»j jLiJ (^IjIjU j_>Ij (ji . j_>l ^Jju jj J^>oll lijxJLLI ,x»JI 

Q 

g + t Ijl [Jljljli (t+) Ji,i~il I jjluJJ S^jLu (j^Sj (H ) SJ I <U*£JLj 

6—* pFr? - <jl »L>j'2ll j *iaSu (jj) ji£ (jl i, ■ „! , > ., # (j^-_jjjLiMl (j^>“il ^slfdl 

(t+ X 10 3 /m 3 ) SjjJi pwXX J5L3* dj *1,1,1 ..I J~olill JlxJI (jlj (yi I ^ 15l») <ya +> Jl 

, Fx^xa 3 

i Jufjj “ in cjjLu <ji v— i> u»j 

t + xlO -3 _ Fx^xa 

Q Q~ 


Fx/xax C 
Qxl0~ 3 


-24 


dLijySjyjAfJl (jn «> (jj Jj) l>» t 0.1 djXull 0>JI <Jy>o j ; JLo 
0.3 JSLiJI olajull 0^1 J jL> yj yu\ ^lL# 3 , JJj^ p^x*jl5L! I Jjj^LS' p A > dL * j j 
jj—i 10 x 3.1 oLd J-oLill j>JI j->jj i_ujil pj*>U I jJ Ij . p 10 x 

. (Cl ) (H + ) (jA>jjjySl uy'J Jt'ill jjjJI i-i. .<>1 . icL -> jl>Ij viul5 x>l_j 

ji / (y 1 ^ 0.1 = (C) (jjrt-jjjj^l Oii 1 

: (<^Jl5) 6*3JI X OH-»i) jlp = (Q) yj ^dl 

= 60 X 60 X 0.003 = 
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(9) 

. pL« 1 0 2 X 3.1 = ( ^ ) ,X»Jt 4^3— <ljj SjLoilj 

plO X 0.3 = (fi) ■bip'll! ^lail O-LJl 
. (jyj'J JllU'lfl Jic jt*u*l/ c (24) 4Jjt*il j ^ aj-fJ JljuuL>*llb 

u - g^ 0 * 3 - 1 * 1 ^* .o^io^xo.i _ 0 83] . Q g31 
0.003x60x60x10 

0.169 = 1 - 0.831 = jsali j^Lsji 0yi \ 3 

di!p_£p J — x ft 4_ujJ jjpibJ ! | Jall > a j viib^plidJ JiiiU jjjJl <jmj 

. (6) Jjjj>JI j p25 uic 

Table (6) Transference numbers of cations at 25*C. 


Concentration 
g.equiv. /* 

HC1 

LiCl 

NaCl 

KC1 

AgNOj 

0.01 

0.834 

0.329 

0.392 

0.490 

0.465 

0.02 

0.831 

0.326 

0.390 

0.490 

0.465 

0.05 

0.829 

0.321 

0.388 

0.490 

0.466 

0.1 

0.827 

0.317 

0.385 

0.490 

0.468 

0.2 

0.825 

0.311 

0.382 

0.489 

- 

0.5 

- 

0.300 

- 

0.489 

. 


. OojJjpLSbJ'llI p5pj 0_L*j Dpi] J.AC (j! (6) JjO>Jl (ft Jx>Mjj 

. JjL>v»Jl p£p >— i lj . j c (jSJj <Lul5 (j^5kj 'll vuU^j'lll 4_Cj— « (jl 4Ap>JJ l« Ijji 

Measurement of emf kuj+SJ) iailjJI Sjill ^U? 

(• I-#— 'bi (jS Lo^ Ojj^SJ! 4*sljJl apJI 

+ Jf — - 1 

^ * ■■ 1 ■ 1 1 ■ ■ »' B i ii 1 1 11 (f (jji uj ( 17) J5uiJ I j •^y* y* !■*£ 

- * |j 4_*j|jJI D_jjUI 4jub (C) 4_jp><jJl 4oL> 

(AB) jt-£ 4 Lox a i A—ujj£}\ 

, / jlj l! (X) 4. . 4 .jlill JL-C 

, . JM— (A) cJ >LJL_> 4 _L a l > 1/ xuju 

4*iUJI 5p)l (W) JS4, J ^ ' 

^pJlj (D) 4 L oju (G) puplibv 

!>Lu x; (jLJaj-aj (D) (X) 4 j 1 »J|j (AB) Jjia [ Jt£- i)j>uJ] 1 4 ISL ■_■ 
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iHj+SJI itJ UJI fpjl (W) JS4, 






iJjL — uj L 4 , glj-JJ Xj >JI J jjj D, A (joj iiLoilj . j**y lil>J 1 jLu jjja 

. (Ex) Jjlc (X) Oj^jOlU oL>J Ixjj+SM ioiljJI 


4_gjjju (S) <t. —|L5 4_il >-> (X) 4_JJk] I Jj 


^ f l, 


(jj_> LSlJ I D (j Ij^l (jljil ‘d n j. ' i hi .fu Jl—oau^lj 1 3jMij J^ll 4j^ljJI 

: d>l i_5 1 , Es (jjSL; A , D 
d x _ fall of potential between A and D 
d s fall of potential between A and D' 


d x _ length AD 
d s length AD' 


. o i.>JJ (emf) l_»L^> -jS^j jbJLj 


The Weston standard Cell ijwLill ijl» 

4 _*j|jJ) lyji\ ^Liil uj ouLaJl ^jb <j_LaJl <jJL> 

L^J jjJ Ij sjlL ijulj emf i j . > - . (emf) <L«jLu L^LaJ 

oJjilO ^ X 4.06) jjij BjguLtf 4uS< ,)iJ 4 a3Ijl 1I s^ill (jl ^1) 5j.uLo Sjl^a’ 


UAUM WAX 



' A) JSU 


. (^U3jl i>jj/ 

US’ 4_lL>J j»L*J I JS-SJlj 

(^) J 

4-i^jJl (jj icjjucw (H) 
at^.laa l j! kaNl j_>|j ^|jj J_S j 
ijx. mAai J. .<iu . cjoJ jj ~ i. iL J L 
L J—i3uUj -ill—.- j * £jl~OJ h . f i ' l 

(j_» <jjSoa <_jJ LJ I i- ihallj . ^IjjJI £lju 

7.12.5 |_$j ) ~>»all c pjojjL-SJI |» ■ « 1 a a 

i— i k_J_Jaillj C jjjJL— J (j^xijl—S 


(tAj-i) ^ - b * i o j - o l uJ l jjij . (JjjjJlj jjLuijH oIojjjS £>» 4 ju»* Jjuj <>a (jjSoa 

. «-U 8 r^ujlSJl obujiS (j-» olj^L ij ak u 
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i (9) 

p >Jjj sjIj—o 4— 1 1 J.a,S,~ j p^_u jl_£J I ojL_>^o5 ij—t ^ju2l» 4_JL>JI jLojj 

£_o .*■") I OuU JaJL»J ‘I 9 8 OjLju^aS (jo (jij (j» 

: 4. J j., 1 1 j 3j!_^>Jl i>jJ 

12.5%Cd/Hg 3 CdS 048 H 2 0 (s) saturated solution of CdSCh Hg 2 S0 4 / Hg 
The emg of this cell is 1 .01 83 volt at 25°C 

5 j > Jl SiUallj JiiJI tjju ibUJ! 

Relation between electrical work and free energy 

ijj ISlj-pLVjjJI iijU 

- AG - Wmax - PAV 

jJi >.*; J*-,-. f j^ a S\ |_5 jl ..." l*Jl i ±i j . > plfcuil (—AG) 5 j>Jl iSUaJl j (_>ouu)l 

i_>j — a |J.» -til 1 ,j_j Lj^lSLujl pltuJl !jj» ij jjv! pltuJI dja..., I^j 4.1 a C 

. (Ixi-oll j pPoJI J 

I 5jl^>Jl 4_>-j Jj Jxi-oJI Ojjju Jumi 

- AG = W max 

jjj >« (J * ... * oil 4 , a « S3 LjLmU 5j_>JI 4_jliaJl j jli ill jjj 

jj — Lp ■ Vjj . W j (J jLaJ l 4ooSj , (PAV) (JjuiJI = pJ>s»Jl X .Ki.nll) (Jojuij'j 4uIaj«Jl 4lx->l^j 

lj..i,^g 4 I aC . - a (jjjlj pLkJt 4j>J.na (_5 jd I 

! 4jj*il iljlnIL £-eyi (jl c£*l oJ->J I jjxlij 

Zn + 2H + > Zn 2+ + H 2 

tilJjJl i- . iJ r> 3 (jj_SL> .) > 4— rfjUaj ££>y> U..i?VP I PA (jSull jo 4jli 

(j ^i»«j J y . > .« j (jx>jjjj v il >— J nj j iljjJl calijjl ^Lp jy .x « j 

S j-A . ,^_«l 10 ^jJ 4 h .al^j 1 a 0 ■ 1*1 »II (jxJLaia (jjjy^vdl jl£j . (jaaj-jjJjMl (j^jl ^jic 

. 4_iLJ (ji*j Jiji Ja* 3 jl (4ju^U) jyy * (jl (jSuu OjLLuJI 

cJyJl (I) (^Luu 4 j1. j> (jSL»j 4 j 1>JI j JpUoJI 4Jx->l y> l1ijL>J 1 ( J.A.ft,ll 

(li) jt_u jJj-* p ' P -UP L.L.P 4-o L> a* <>.!? (J^PkU ^-Lio) JjjsyjjSy 

(j_» 4 _a»Slj ejjj-jj E = (emf) 4jjb eji Tjojj 4 jl,-».Jl (^,1 4_u5 

jl ,yl-Sa (j_j-i» (Q) . uj^i •'• Q 
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( 9 ) 

j_i£ ij-fJj . Q = nF (ji nF <ji »-*><* n liflj . (F) <jIjIjU! 

4- >l . > <jl (1>* ^J^ill (JjLiJI (jjSbJ 5jl^>J| 4j*jJj Lfagl 1 

ijySjj (j»_*k>Jl J^—2J! — l nx . A ll — (PAV) ^ylc JjLJJi ijj» . nFE 

L* oil I JXiJl UjJlc i iilj jic 5 jLj . ( J_j-o / J^jv) iilkJl 

(jl >— >— >o ( — AG) #J>JI 45lkJI j oaUI t 4 j.n^fc Ojytxj .JjjO 4_JL>Jlj c " J 

: ^yLe J. ^ . *' .i Ij-fJj JjjJLI J^AJl tijLu 

- AG = nFE -28 

J-C-UiJl j 5 J»JI iilkJI j jjjijJl lx> 4 jx$_o yjSb i (28) 4jjlailj 

, 4h»l (_jl JiP 4 oL>J| J jJxIajJI jlj «*■■■! XjlP 4jili>*Jl ' J ^ 4 J 9 L ajj 

J emf 4 _Uj^ 5 l 1 I 4 _oUI iy , III (jjj O^LuJI ^jLjo ( 7 ) JjA>Jlj 

. AG 5 ^>Jl ttlLIl 

Table (7): Relation between signs of emf and AG 


Reaction typs I AG Emf 


1. Spontaneous (the reaction proceeds in the forward direction) - + 

2. Non spontaneous (the reaction accurs in the reverse direction) + 

3. Epuilibrium. 0_ 0 


JLulj 4 j 1> j djjL>Jl Jxliuil 4 j— -L fiJl ij>JI JilkJI j jjj uJI i_jujl>I ; JIm 
Zn | Zn2+ (a = 1 ) Cu2+ a = 1 | Cu 

(1.107 Volts) tSjl-3 <xL>JLI emf 
At left electrode Zn •* ~ Zn 2+ + 2e~ 

At right electrode Cu 2+ + 2e ■* ~ Cu 

At full cell reaction Zn + Cu 2+ ■* ~ Zn 2+ + 2e~ 


(jj «jl I i_i_kuUl Jl JUiJI i-i hi. 1 1 (jj (j^U.L'u.,1 (jajjl (JjllijJl lift j 
: 4 jj^i iljUli j i _yajyui[j jl J-ut-ii F “ 96500 C, E = 1.017 Vs <jux>j n — 2 


AG° = - n FE° / 10 3 = - 22*017) . _ m65 kJ _ 


. ^•U'il j (4 /iljln) 4jU«l I jljft’i..)! Jjj 4 ojaJI i_JLuJIj 
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1 »' (9) 

EMF of Reversible electrode ^LSJuVl <uiljJI b^aII 

i S J.J «1 1 1 QL-JjI^SlU uU jiuJI Ic S j-ilxa jl ^oSjjJI <uL*Jl j JL 0 >J| 'ulio 
oLLiJjlj ij>}\ SJUaJI (jjj ii^LuJl (jj oU> ^>SL»j L^_j 
; ^a JaUoJI (jf >Ajj> 4 .j.l.>ilil H (JaUjJ) i>IJj 


aA + bB 


cC + dD 


tjy^j (jl (j—fvAj . I ttjjiiy u^*ij (A, B, C and D) (jl i^ll> 

: cibLijJi ij>l\ iilkJI j (jySbj ■ *H j j\ cnljlc 

AG = AG° + 2.303 RT log (3c) x(ao) -29 

(a A )**(a B ) b 

(J_5 (jj_Su 1 j.u< 4 _LcUi1Ij 0j__>J ! iilkJl j (3j<JI (AG° ) > 

AG° = Lajuj . 0JL>.jll ijjLjj ohl ..fi.'Jt jj>-b (jl ^,,'uu; i <U_»biJl <Jl>JI j i_i.tl^SJl 
: ij-ocvj (28) iJjUIl j — nFE° , AG = — nFE 

nFE = - nFE 0 + 2.303 log (ac) c (a D ) d / (a A ) a (a B ) b -30 


E = E° + 2.303 |^J log {K} (at 25° C) -31 
005919 

Or E = E° - ^ log [K] at 25° C -32 

(JaLaIII (jlj-^Ml oul_i — K. t (JfLijJ! objjifU'il jj«c (n) du > 

(Nernst (b”>L>JJ SJjL*1 ‘u li xa JLii'i (jliJjLu Ua i (3 1 ,32) (jjjJoUifj 

-lLLUj E° 4j ,lj5!t 4, odfjJf 5yJi iu y o,..i '\ jx> SJjIxjj equation) 

4jbLijJ! o>Su UaIcj i o l.>J I L^JLc ■> a.7 hj ^^jJl . 

AG (jli 5jlj>JI cj^jj jIc . yljj^ll <!l> jJlCj . E = E° (jli sjj>^JIJ ojl—u oolDI 

; ( jic J.. A . X . I (30) JJjUII j (jiyyuJb . = 0 
AG° = - 2.303 RT log [K] -33 

Since AG° =-nFE° -34 

-nFE 0 =- 2.303 RT log [K] -35 


or + E° = + 2.303 RT — log [K] 

nF 
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j 4 jlj— llj cUUjII jlj—li 1 o \ \C- OuIj yL> (j£*£ 4Ia>-j 

. (36) 4jjbcli J Jljuuw^ll Ju jftj 4^,LiII <Ul>Jl 

J-cLilU Jlylj 4-Jjv LuIj ^julCI 


Zn I Zn 2 


Zn + Cu 


Cu 2+ | Cu 

Sjj^Jl si* j ,j^£j 

- Zn ++ + Cu 

JS-iJi li^j ioi>Ji si^J emf 


RT ^Cu ^ ^ 7 2 + 

E = E° - — In — 

nF a Zn xa Cu!( 


y_» <JS SJLa 3 jl 4jlpLij (j! . (jjjul = kijljjjjiSJMl JOC j 

l ifJj da>-^JIj i>-^j Cu j Zn 


RT a 7n 2+ 

E = E° - — In - Za — 
nr a Cu i* 


JSLiJI ^yic Lfjsoi 3 c£*ij 


E = E, - E2 = E” - E2 = ^(lnazn^-lnacu^) 

nF 

RT RT 

-<Ef- ^ lna z „-)-(E^ - ^ In ac u ~) 
nF nF 

RT RT 

and E^Ef— lna Zn ++ ,H 2 = E5- — lnacu^ 
nF nF 

l Jlyjl (_>-L>siJlj iLjJI (yt ( J5J S ' JL^> ijjjJ El, E 2 (>• MS ».1.|.I.> - 

V_jjail J_>lj SX-^I Xf > : (.>*_> ^Il ( jJl6j >-.. i - in ill E^— E;j 

: <J SJjlnil vuSJj M/M + JSLiJL Ji« ^IS^OI 


RT a M + 
E = E° - — In - M - 
nF a M 


E = E° - 2.303 — log a M + 
nF 


3m 1 


uL> (>SL*II (j_» Ijl <U5Jl v.i. hil l > $ >j M (ijJUiJl) oiuLiill 

. ^.rfLSLuj'^l 1 - Jai 1 1 ' ( > 
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(9) 

: ixi'ill <.i JL»JJ (emf) <_judL>l ; J1 jl» 

Ag I AgCl(s) CP (a = 0.05) || Fe +3 (a = 0.1) Fe 2+ (a = 0.02 | Pt 
; (j^Su LOJl t—Jaill j^_> ^4 J^lij ji°25 jle- 

Left oxidation Ag + CP > AgCl + e” ; E° = - 0.222 V 


Right reduction Fe 3+ + e~ 


E°= + 0.771 V 


2.303 RT 


4 auillj n = 1 In— 4.4 Jl>Ij JUju’Vl J.XC j jjjijJl (jl Ju>o Jililll (jj 


. 0.05915 r ° 20 jlC 


,,0 2.303 RT , 1 

= E° log 


= -0.222 -0.0591 5 log — 1— 

0.05 

= - 0.299 Volts (oxidation potential) 
2.303 RT 


Er = E° r 


= -0.771 -0.05915 log — 

0.1 

= - 0.812 (reduction potential) 
Eceii = E ox + E re( j = — 0.299 + 0.812 
= + 0.513 V 


JUjlj j ; <J (jlo 

Zn(s) + Cu 2+ *=* Zu 2+ + Cu(s) 

. p25° ait n = 2 (ji pic lil iiuli i— u*>i 

; ortl JJjUII jl>.U (jljj'ii dulj «— il— ok) 

2.303 RT , __ 

= log K 
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K= d Zn xd Cu 2 * 
a Cu Xa Zn J * 

* <jli $ju>yj I^jlJLo Zn — 1 , Cu = 1 £>l 

^ 7n 2+ 

K = , E° = 1.10 V 

a Cu 2+ 

T „ 0.05915 , T , 

• • K = — - — log K 

K = 1.7 x 10 37 

J y j .il/jj I La J jlC i (jlj3*ill OuOJ 4jJUJl 4 ajill JjJ 

ijySj jLSu ^LaJJI oLjjjI i_«jj ( ji> yjju (jli 


Measurement of electrode i-ikill j 

<Lm 9 4J Lji._i.> ^y-jLs _^>l 1 -J p.i Ouaij ik^Ju C->Lj t j k i.ll 

jljJtl t-i.ki.ll 4 ^J«i t_jUaa>o I 4 -ijjJjiajj 4-J.VlJ ^1511 ,!l^ >JI v_x-t>oj . 1 ^ >J I <La^Lu 

. 4j~/Uill k-jUaj^l i>» C)Lc_y ■ 4 Lu ^ i 

Standard Hydrogen Electrode ^Lill wjJaill : U^Jji 

olki* ( i ) (jxT^UI tj4 4*kj ^yLft (19) (JSLlJl iyt £>~olj _jA US 
. ^ *i.rt~ ok <uJ I 4 j1*Cj . jLc a *i l /'ill 

^ \ J^am (> Electroplating aJsuUII i^^k. 

Mj , 

I'* 1 *' .-ikiJLj ^yA— u 4_iaL>j (jgu^LJl ( j_lc ijy^j 

J-tLj t_ik flj La j . Uj .ill Jj 

4 jl>lk J . ai. J jkl tjjk 4_t>-L>J 4j^jjU 4 -ji c 

^V*..i~ .i)x>. 4 _cvjL> OjjuL kl>o ^Lu^UJl v jki.l Ij 
4-x>jl>Jl Ojjl’ill £|U l—aiLc {jx—Sfjj X 14 J I jlc 
(>j— jLft . <-i, i >■■» J-S xj J j !■> . » j <L-/^*/U 

S - 1 ^ 1 0 5) «j_ > k_i-i> J,.>lj Ci>j jljt~.<U ki— 3u jjilll 
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( 9 ) 

a i (j^jl j^*!ll «j*Jlj iKiJl 4.h..»lj^ (jsi'ej jUJl 

j Uj-ilj fc j J-i hil t ^k . n ) jLe _> ^ . ~ a 1 1 jliJI feu (jl^j'ill “OI-> Jl dj~ajll l Jx>- 

JfiUjJl j J-*^ Jjju tj ->■*■• L)l '-“■* ■ ■ J_ji>>*)l 

H 2 > 2H + + 2e~ 

J-«l— ^. \ . * » ~ . ■ .i j V m hill Ijjbj jiuo (_5jL*j iLuJl ^jqjvjj.Vj.^.1 1 ujjaill 1 j >» 1 1 j 
• L>^^bJI <j Oi-^JjJJ^I ‘t h u.il^i 4jl^i»l £>£aj ^j^AJI JjJl»J| (jjj| Ji« A-»Sjj 

Calomel Electrode J*«yi5Lll u-dsJ ^lill £jjj| 

3—jJjJl <jj ^ k w <UJfcL>j (j4 (j^Sijuj 4 _Jl> iJuaJ (j£ SjlxC Ij* 

Hg jjjjJl (j-» 4_i._i. >. g £« ij^juSl *13 j 
f ) J^LS (Calomel) HgCl 2 j^JLJjJl 

6-* Jj-L>v» 4Ju — >jJl jjj (20) JSLl Jaj^JI 

*** Jl_£ul J_»*J j^JLiyll j — <Lj^jJ I 

fS*ln) ^ , S pjiwbjjJI jJj 4j ^Ij j I 

* <S j — * *! cji j jlj^l — jl»-l 

^ i ^,. > \ U £>_* > i ll ,..i / J . ni l I Jjj^jJL—SDl >. 4 Jrvftll 

£-* JiHjJl-SiJI v -xJa J U l > ( •v j . L_fbj5jj j AjjjjSU 


V-Jd (T « ) JSli 




a/^I i. > hill 


. (8) Jjo>Ji 

Table (8): Oxid - red . potential of calomel electrodes 
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Application of electrode potential 
1. Determination of valency of ion 


k_d»L)! <±4-> cjiJLubj 
jjjVI ^9l ISJ jl>jt — 1 


i3^j*Jl OJ-f-i 3JU (X) 'Luy I jj j > i Ja li 0 j > 

E| = e^-BIi„x 

nF 

4 ft._i.ii 1 1 (j^ j.ft .nil oU^ulitlt 4JUi o<xJul L jjj Jjl.ax.oJ I (jl ^Jj 


,jli ( — X) 


E 2 = E?o- — In 0.1 X 


j^jkJI j jaAiII i>u jjiJi 


e 2 = e, 


(In 0.1 X - In X) 


— In 10 = 2.303 — 
nF nF 


0.05915 


at 25°C 


jjSjSJi j jl 4_JUiJI) 4_jj^j“)li 4jkL .V>il j {jaH> — ,J5 (j I ,jo 

. U.U5yi5 _ M . - . . 

xlo— CjJyi jIjilLj 4. ) ^.i.n~J gjUx^ll .1 f > j 

JLjJIjj . n = 2 (jlj 4 j5Uu 4 j u xuJ Ljj . U j*K~ll (n) 

. ,0.02957 - Uuli 

2 


2. Determination of ionic concentration - 2 

jjS’jjkJl jj_ C oUjjl ^lc J ^l.».o j > i i h< 1 ,1 $ a«Jl jl Li.i .,■!>■ 

. IjJA O^yw tZjijjSjj wl.j.axl L^oIjlAowI (j£L»j 0 jjk . Ojjjju (j£L»j jjSjjJI ,jls 

j—o £_0.1 j 4— oil! (j_o ^j . t .o Jy>»,o j 4. nil I jjjl jl>o^l tj&ju 

; ijj'il 4 jJ.»JlI 4jjj^£JI 4aJ|jJ| o^iJI ^Li 

Ag / AgCl(s) / 0.1NKC1 / Hg 2 Cl 2 (s) / Hg 
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( 9 ) . 

xf—>j . cxJji 0.0455 j»25° ,i \t a jL>JJ oj lyi\ <jl 

k,«.) Ag/Ag uJaili -vj . cJ _)i 0.334 |j^5u Jlji>^fl 

. 5J jL«l! 

EAg/Ag Ecell — E ca lomel 

= 0.0455 - 0.334 = - 0.289 Volt 

*.— l }->Sl 6d -‘5Nl Q a- , Q_ ! jj 0.799 — . |>25 0 JjlC E°Ag/Ag Lajqj 

4J50JI ei^J 4aisl-ijJI — (4-jJlniJl) jjSyM iS^Lt j Ag/ Ag 

/ + ™ + 0.05915, 

EAg/Ag = E°Ag/Ag - log a Ag / a Ag 

otLiaJI — (jjLu(a A g) j n = l(jl l±ju>j 
- 0.289 =-0.799-0.5915 log a Ag + 
or a Ag + = 2.44 x 10~ 9 

, £)j£j <uLLiiJI (jLs t lju> j 


3 -Potentiometric Titration 


a t-iZi j !_>•■> 


1 ACIO tOLUTIO* 


letric Titration S jjUI - 3 

4 p A i lj . m »jj AawIu jjlJ lyilaS'Jl j j3 oL»L3 

, A^yxxij y& } I SjjLaII j) A^ yxu ty i i SS y } ) SjjLaII By I « <i 1 1 

al» : a op 13 + ijjx&> i jjLw — i 

/) Cj j$j ^jjJl 4 jl2u jl£j AljjU] 

K * L ' | ^ > • . J j.tfjlll <ix— kI_^ SjiLxll j UjL-. 

L»f s 1» j »j*.‘!.,.<ll 

ialt enieo t ■■•’•' * ' 

r=y , 1 — Ajl . (21) (J. 1 t JO j a 

! „ Jj if’jjJaA le — 1 0>L>< m L-u 

III . r 

i><3 «-> < - . — Sj 

cunSoi 

w 

4 Uai Jl . V . ,~l g j 

(21) j£i 6>i3l 1^*3 oLu Jl Jj-ojlfj 


CALOMEL 

ClfCTWOO* 
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iJLail 4^*5 (jjjj 4j<iljJI SjaJI ii^UJI 

. (*_» 4 i 22) J£iJI j US' 



JjLuM cj1^1>oj (i— i — I 22) iJSLi 


pH and pOH 

JJjUJJ UjJ> (j^ij (>WJU , WI 6>;i Jl *^1 

ffO *=* H + + Off 


Ilf) yljJ'il OuUj 


K = C H* xC OH~ 
^HjO 


oUjjI £>p CH 2 0 , Coir, ClT \Zx£> 

. jij JfJ Jjj 

Jl JjiiO (40) JJjUlIj Jji>sjJI j cjuO JJay S^jSj bj y>y £>J& H 2 0 L-yj 

K' = Ch + x Coh - >41 

Or K w = Ch + x Coh - -42 

. |.25° j_le J-oL>J! 4 t *LJJ J~el_»Jb uij*j K w JU&> 

.10 ' 4 CjLAjS 4iauvljJ ^jJlj 

Or K w = Ch + x Coh - = 10 -14 


- 335 - 




1 (9) 

. ^25 0 jie ouU JJiy <j^)jSyJ! ^3b jyb J_^-»>j (j) j Leyi Jx^iUI jjJ 
f jjj uj . <£jL* J JjLcUj ^v-elj y US' 411 v* ij > (43) JJjLmI! j o Ua*l l 4 jjaJI Ji* 

: yi ji Oytj uy 1 <> lij 5 — *• •>•** Jl 4lSfc i,j j 

(Ch + ) 2 = (Coh - ) 2 = 1 0 -14 -44 

Thus Ch + = 10" 7 

J4 (Jy 1 uj&i (jyl joSy . JS Jy 1 tSy^J (_jlU Jjl»u yuPl 

. jjJ J-S3 Jj_«10 14 (j J l i».> 5T jjjj^JI y_5y (43) <JjLuJJ liuhj yl 
jLiJLj J£J Jy o>lj 6^i uy ( y£y j Jilbj 

. jjJ J£J JylO 14 o.£» ^1 ^ ,>>.^^1 ,jyl y£y 

j uj-il jd-Sy 6-* y - y~4 1 y— »li* iijjJa (1909) jy-Ju jy« ^yil 

- (pH) . (Power of hydrogen) ^jyd+M Sy jLoivi Jl*i jj ] lj (pH) J£LUI 

• uy 1 j^y 1 ‘jyvj 

• b~»l<j !■#■** y4 y! £>S1 *jj 

pH =- L- = -logH* -45 

log C H . 

yl ^y . cjb^bJf y*3j (44) iijUil |wyjlc_)J jL>b 
Log Ch + - log Ch + = - 14 

Or pH + pOH=14 -46 

j jLfi yjS’j?) JjLao SJl> pH J3t (jl (9) JjJj>JI (JJ (_5y {y>6 

uyi' J jd-fy) Jy l >s» tj#j i^JU &j£j pH liJ^u t (£>*»JjJ^JI £yi 

• 14 ji-e £«* pH .((^R-JjJ^JI 

ySy il ijj 'Ijj <jlpLiuJlj Jl.>i~..i'ilj OjyaJI a j-fj (45) 3Jjb«ll LLl5' />£jjj 
pH = - log a H + 
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Table (9) Cone, of H* and OH\ corresponding pHand POH 


CH+ 

mmmm 

PH 

POH 

10° 

10* M 

0 




10 1 

10 13 

1 

13 

► Strongly acidic 


10 3 

10* 13 

2 

tm 



10' 3 

10" 

3 

UK 



10^ 

10- 10 

4 


Weakly acidic 


10 s 

10 9 

5 




10* 

10* 

6 

8 



10‘ 7 

10'’ 

7 ‘ 

r* 

— ► Neutral 


10-* 

10* 

8 

m 



10- 5 

10 5 

9 

9 



10'" 

10* 

B 

Ef 

^ Weakly basic 


10-' 

10 s 

n 

fP 



10' 1 

10* 

12 

2 



10 1 

10-' 

13 

1 

► Strongly basic 


10*' 

10° 

14 

.0 




pOH, pH oUljiOu/f ^j A3L 4 ^ »JV) 4JLI4VI bjls 


. Ch ^0.01 (pH) : Jlio 

• J^luyi i ^10 (JjLj ^ j ^jSjJ 

pH = - log Ch + = - log 1CT 2 = 2 

• 3 1 Ch 10 x 5 (pH) v-i..ji.' > | : Jllo 

L>J1 

pH = - log (5.0 x 10 -3 ) = -(Iog 5,0 + log 10 " 3 ) 

= -(0.7 -3.0) = 2.30 

(> JyHO -4 x 1 (pH) ^i.,..»| : JLjU 
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fipjiti (9) 

pOH = - log Coh" 

pOH = -log 1 0“ 4 = 4 

Now, make use of the following relation 

pH + POH = 14 

pH = 14-4= 10 

8.752 d pH Coh , Ch ; JLw 




- log Ch + = pH = 8.752 
= — log Ch + =-8.752 = 9.248 
Ch + = 1.77 x 1 O' 9 g /litre 
Now Ch + x Coh - = 10 -14 
1.77 X 10" 9 x Coh - = 10 -14 
Coh - = 0.5649 x 10 -5 g ions per litre 

j'iy—t 0.25 dddl pH : JIjw 

.15/ lu u 

Ch + = 1.5% of 0.25 mole par clitre 

1.5 x 0.25 _ __ , 3 . . .. 

= = 3.75 x 10 mole / litre 

100 

pH = -log 3.75 x 10 -3 
= (-3.0 + 0.58) = 2.42 


Buffer solutions <U£uU JJl**)) 

<-Llt y_SJj . 7 ijjl— u (pH) *UI yl U j.^3 JjLJI yj 

did till j jyjjQ I jli jUjj ^ n.d d^jk Sd (pH) oj15 

y_j (^lj . ^L>yJI yj till j 0 K..L.H 5_>l jf jl | yiu> J^L>j 14 ** J 1 <jb*i 

*111 j Jl (jjjj LfJii tjj> 
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f (9) 

JJu .) >1 jl oJuj i > > A* > (_jic JjJjfcjJf jl Jx>^UI yj 

OjJ-lII 4_J JjjjK ( - U . i iSjjJjAj ( O^rLi-j liljl »H yAa >• 

> i..,.75i II Jj_L>jJI !jj» Ji« ijJI 0_LelJj jl yAa > £>4 pA*j Ijjic pH Jiij <Ujl2l 

y_a jjj-l >»,«) . |» JV'i.ll <Jji»uJLj ^«..o 1 i ^ i. ,_i >-jj Jj*jl ya'il 4_aaJ j S_»jlju oliLaJ 

. (Orftsll i$jp <->M-*l i>l_j <-i.m.A 

• Ujil ‘ Ujril yity i_ < l i « . A) 1 <_>Aj_>- . JajL*JI lift j 

HA *=* H + + A' 

qA.»>J <t_jybil ol_i^>Jl y-a yj_j 4 __jl^L 1 j Ojl jy- JjlC 

OjUJI CjjLj yLi J->T ' J-Iajj j . H 4 joSJjj (HA) 

ii^UJI »jufj ojL*uI 

C„ + xC . _ 


K a = 


_ H 


. jjj*3 i jfjJ)il jli J£i j dji»*»Jl Jl (jjji iiLoj jJlc 

UjUI j l»£ y/lu jii- o» jj> Ly lc ^Jill OjaJU Jxu^j ujd 

: i^l 

*T + A~ *=* HA 

LiLjJ J-ltfj . J^ -l ->. « ll JjSl X— a j B . l I y_C OJ^Aj <4^S u*£mj (pH) Jlilbj 
ouLj) J 44 J I Jj-di ^i'y J' j — <j )j—ii (> »->y li li* Jl oj^ls 

. iS j >- 1 Sy» y^Aij yA*>«il o^ljJI 

Jl 5jUj ySL*^ (47) DjUIIj 
Ch* = K a ' 


yl/dy ^JLIt jjSj3 Jl j,xij [A~] Uuyj jlJ/Jjj yAjoJI j£y yrfJJ [AH] kiyjv 
• [Acid] 

[Salt] 

4jdLiJI JJjUII _l>-L> 

- log Ch + = - log Ka - log 

[Salt] 
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fUAjiS (9) 


pH = pKa + log 


[Acid] 

[Salt] 


-48 


ijy-t ji'u* SJjIajj i_i yo iljl*!l oj J> . (j A , > . >ll i lKa . tl l pjjjlcy! ^ »■■» * PKa 

: |jj 6*.jl— oA»>Jlj ^Lll jj£j <ji jli • (Henderson equaiton) 
pH = pKa -49 

})H l jlx3?J l j.X£^l (Jrf'ill (jl ijjlfc* (j* Jx>bUf (j*8 


(jAi.li.>!) pKa La au 


[Acid] . 


[Salt] 


*< ^>‘il) pjujLft_j) 4 i a— ~> \y> jl»ol (j5laj 4->!»j (_>Aa> 


p I * » p t-.' . i )^ ) jk * ) pH 4 * j ^ j <.n j * <jU ^joLmaJI iljl*!! ,x>Ij ( i^iaLi 

. pl*j pK a ( jLlc^ll j i>Sll £*) . jjZy)\ 

(ja » 1 j>i 10 ^ 0.1 ‘ 10 iS-df (ij)l J>I>JI ji ^yj p^fcoJI 

<jj »j> a>lj Jl (jA»Jf <> »lj>l 10 ) J 5 jjk)l u«a 1 j (<jA»JI (>» »J> A>l_) Jl ^ 

i n J}L> by£j t ^ y~* JJ!>^» 11 8 >i^J pH i*,j i (jl j>o ( 49 ) ii^WI (j*s . (SAcliJI 

<j_lL»j i-.i. , i > . ( 10 ) Jj ■>..,> I I j ijAjJ —4 !a£ .pH ~ PK a — 1 Jl pH — pKa "t"l 
(jLJ p^ij_j_oJI obL 3 - Ji« o 5 lii a>lj dljl >1 1 oAtJ> <> <jySdl pKi* J^L>j 

. 5.74 Jl 3.74 (_sjlII j pH i*ji 


Table (10) Effect of addition of a strong base on the pH of the buffer solution 
(Acetic acid and sodium acetate system) 


Salt 

Mole/litre 

Acid 

Mole/litie 



PH, alter 
add. Of 0.1 
mole base 

Differerce 

i 

: 

0.1 

0.9 

0.11 

3.78 

4.14 

0.36 

0.2 

0.8 

0.25 

4.14 

4,38 

0.24 

0.3 

0.7 

0.43 

4.38 

4.57 

0.19 

0.4 

0.6 

0.67 

4.57 

4.74 

0.17 

0.5 

0.5 

1.0 

4.75 

4.91 


0.6 

0.4 

1.50 

4.91 

5.10 

0.19 

0.7 

0.3 

2.33 

5.10 

5.34 

0.24 

\ 0.8 

0.2 

4.00 

5.34 

5.69 

0.35 
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( 9 ) 


k= "L - 1 ‘'-ij*» (>» Lli . JjL>«j jj.A.>oJ 

J-* pH = 6.9 jJSu. JjJ^, : JUU . pH (pK a ) ^UJI 


(»>-t!-)>^l oli_-jj . NaH2P04 v-LijJJ (pK a ) Li yu, v_L^j 4_sii . .25° L>-jj 
4,.. >4 ,< J 4 — J^LaIIj j»25 Xi^ 7.21 gjj Si ) j 4 \.s\ n >.] I ■ tjjua 4j| d t i L » -w j^ X 1 fl J I 

pH U fr - i xj LiLs^Li . Lrtrt-jjj^JI ^L-U vx.ti-.y . NaHP0 4 


6.9 = 7.21 + log 


log 


. (j_j— <jjJuA 5 JjL*j (2>j LajL*oj 
Na 2 HP0 4 
NaH 2 P0 4 
Na 2 HPQ 4 _ 


j 6.9 Lj L- a-s 


ojj • 


NaH 2 P0 4 

Na 2 HPQ 4 

NaH 2 P0 4 


= -0.31 = 1.69 


0.49 


6 -* ( 4>-‘ 1 Jl ^Lii y_» Jjj 0.49 ( Sy^i ul I j| 

. pH = 6.9 t jl rv A A l 

Laii- t_j u>o (_5jj| wiJjJI yin> Jl ■■• ■ ■ ■■«4 ; Jlio 

■ 4.74 jj* pK a uL Ul* pH = 5 


5 


= 4.74 + log 


CHgCOONa 

CH 3 COOH 


ijj— 'jjjrf* 5 JjLw yj 


/.= 1.82 


: ij* ■» >*1 l#l < ' ') fij 4)**+ 


Constituents 

pH 

Glycine + glycine HC1 

Phthalic acid + K - acid phlhalate 

Acetic acid + Na acetate 

Na 2 - citrate + Na 3 - citrate 

Na - phosphate + Na 2 Phosphate 

Boric acid + borax 

Borax + NaOH 

Na 3 phosphate + Na 3 phosphate 

1.0 - 3.7 

2.2 - 3.8 

3.7 - 5.6 

5.0 - 6.3 

5.8 - 8.0 

6.8- 92 

9.2- 11.0 

11.0-12.0 
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1 ( 9 ) 

Acid - base indicators (5 Op 15 - SJjVI 

_}1 yj^i j *-i~0 Lf) 

j yjJJI o^op SjL* <j_p SjLjip ChfJlS^i Jyytl : Jli* . JjLxaJI j iJUJI 
J5i y-Sl yi y yrt'jjAl^l ox* 10” 9 <> 

UrfJl-j^j JjJ^jiil £>jJ £>Li 1CT 9 y# Jji Ojd? Ji^j 3 y 0.9 (y 

- yi^>J! - J_yj ^»-.-> SjLU ojjk J_l* - (Pink colour) yw! -qy && 

, SopUII 


Theories of Indicators iljVl ol^jiai 

£>a1jI ii-b 3—ljjJ! . jy^U ftjUf ji* 3 £>«J 5iyjLu Uf^j ySL^ 

. jiijjyi jyyi i £>yi5y Jyyii l»pj (SjptzJi — yAiL*ii ) oiyi Uj^f (>• j» zb 

5Jj*JI yipJLi a j 4 J bu 3 (Ostwald’s theory) jJUlwjl 4 jjai - 1 

Ljib (J_j jJi Ajkjj^ uyu cjUj^I j^y iyy sjpiSj y«**^ 

, SapII ji yAfc> J,lib C l >“ Jy^JI J >1 Ka 3 ^ 

j -*1 I— I-^L-*- (HPh) J j jy. i l J_i» c j . JK . fi y A » > jyjl yl yjjlij 

. iJoUI! elfl Lu 3 ^Ul JjUJI 

PHh «■=* If + Ph“ 

Colourless pink 

f WI Jill! Jt 1*3,1* yi* 

Hln *=* H*+ In" 

i>yS 3 jy jJI lift In *j»Ap k_ii y ~<&y-3** Jiaj (Iln ) dj^> 

. jyuji j t$jjj y*>i t+sy 

Jj. }.>.,», 1 1 ji 0yd yi^iy ■ *0 oy ^ i«bj v*iyi Uij 

yijj^ii ■£$->$ tsb . S-U&i j-»d oyui uy oyji ji jy>uJi *jii 

ija ^yp iij£ji j*j (jyis . ijyuy uy»j (jL*yi *^»-u 

, yo*>dJ vlliiuJI CJjliJ j^JjcJI 
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( 9 ) 


_ C H T xC ln~ 


. 3Jj*J (jjllll Oylju *—iyJ Kl n <£*£>■ 

® J l<3 4 i J Ji Lm 4 0y\ Jjlil Jl (OH) SaelS JiLoLj 

JjL>jJI j 4i->jj y>\ (j^N! 0° - ) Ojd 6^ lj -fJj . ■ll. < u . l) l i^l^e j 

jl (MeOH) JfLlU I.!,; i « eaeli JlijjJI Jjljil t_yoyJuj . jJUiwj'i 1 *jJj 

: J) j vilSiijuj (In OH) 
InOH ln + + OFT 

Yellow red 

jyj L i«. i ^.i ((^jtLi yi) ji~»l Jlijj*3! JjJyil yjl l>1 4JjL*II £>* bo* j * l»£ 

(jij-^l hjjyJ (j L i. yl l 4-x>U dL£iill <^JLtc iSy* JiLoLj . (jjlll y>\ 

£•+*4 oj-Uf <j\-* • d^l *UI bj&) JiH'fjj-W 1 by) 

jL-sJI J^LsjJI y_j ±-iy tf-ili . OFT Sj^li iiLoLj . y> I 

. y~o I ]a~ij}\ (jji 

j oIJl>J_wI l y i — >UU y-t d_j_Jyi)l IjU ^J-U La^l l^fcuJI ejLftj 

^yl w *i Aijn.k (j^jj LS 5 is lilt : ^Ijl . 0J*13 £-» i_s y ooj-> 5^*l>u 

, <»* o>0i i (jeJllyJ JjjyilJ (FI*) fry] 5^1£L> JjLkJI j OH 

HPh tf+ Ph” (i 

NH4OH *=* OFT + NH4 + (ii 

i H 2 0 . NH4PH 

. jl£J! jjiib ijjit O-ijJ lilljjj . Ou^J (I) 

j - j u ll (j* ^1 p Ji ><3 jixuj PH~, NH4 jl>Jl y ^sUI NH4PI1 ^Ul : LuU 
0 ,u V,.,. -.11 4 NH4 + + Ph" + H 2 0 + NH4OH + HPh 

jJ^A (j_i OjJlj <. i_sLo! 4_>UJ JjJ.>»,ll j jfjrtc ^ II (j^UI 
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(9) 

£—» ojaL_ 5 JJjS >. i..»Ul» JlZj^jJI JjJjII > . m.,. 11 »>j 

>» ul^lj . t^j u*~b { jAk>- 

MeOH *=* Me + + OFT (iii 

CH3COOH *=* CH3COO" + H + (iv 

i CH 3 COOMe + H 2 0 

^lllj (iii) (jfjj'ill oulj (H^) ^Lju'i (j^UJI <_iu«-o JjjjJI 

jjSJLj j— — Me (jjJ ^J a « j *-l Lajl ijjiJI (jjUJI J'jLi’ t jj^~i i CHjOOMe 

. Jl^dl 0*1 

CH 3 COO + Me + + H 2 0 *=* CH 3 COOH + MeOH 

The chemical or Hantzsch theory oij2iL» jl 4 jjLmo3JI AjjJsuII 

J jLSJ I jjiJlj O u.h J JJjJI \ZJJUOj jJUjLijI ijjJaj ,jl (jSjjjlA i_5lj 

Jl £j>jJ U Ji«3 <ji ^Jj t (jjjJ I £J jJJCU <jl_}J Si yAA# (j^ (j_)J 

4-jJa«.ll 4 ^j.Anll djLniiil 3J j| (j^SLj (jl i_jl>o i JaIAjJI (j_ulj Jjj 4-Lu.« 

L*jJj . (j^JJI <— >L*aJ jb>lj JJjJI i J.iSjjJI j tioUJI Jjil Jl (jl 

(j_4 J_>lj (j^jJOao (jji-i 4j JjSlI (jicj uji* ijiio (j J 0)£jd (JJ-JI (jl yijjjLfJ 
il I J ^ . *l lj (. (^JaLUI (JjJ ,».«J I (jj OjjA £* yflA>JI (j OJjJfcj (jfLaj (jjJA 

La^S JJjJI Ji« (jJuAjjjJ (ji J_ji»jJI J_jLxdl Jl« yl^l ill*,; 

; wLJj JLL. , j_>l J S . t Jl J5Li (j^ 4jj>uJ Luju j£* Z i J^LkJI <S_y 
jl wjjl_£ J f> .. t j— >I_jjj (j-^d (j. At . *! ! Ja-.^JI j (j^Dl j»dJA (jJi-yJ JjJyd JJj 

J t5'i-JI JS_iII j j-»4>l <j_jJ » ll l* « j Jjjjjjj JSLi (I) (5 jIc J5LS 

iij-3 k-uSJjJI li»j JJ Jl II (uyl J^- 1 ) • J_jL»^»JI 

4_jjSJl)l OJA (jJLuJ J^ U 4 1 1 JjJ -J Ijj . HI J jjix (j^d^ (jlaAjj (jjUJI 

. JAA-^II (jjlJI Jl (j_jUI JjAsll) 
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( 9 ) 


OH OH OH 




+ h 3 o 4 


Piwdo or normal form 
(oolouriam) 


0 ~=-°H QC«<r 

O 0 

II m 

loBoanie form ion 

(rad) (rrd) 

(tr> jsla 


•L>j,> (JiiJI i (J,ux»i! tjjjjjjjlll JlSui'il q * jj j'S . t i jj-L; (JliUj 
Jl JJ u . m Xju L*jJ (pH) yl Las’ JSLiJI Jl y_£Jj <x<u> Jl Jj_L»»JI j 

. (_5 j^Lill i_juL»JI 


(49) iljLJI (jl 'il t j±£- Jlilw^l AgwLx'it oLoljjU'Jl £►» ^c^IU 
(H In) jj .((jijUU* 4_^jjju) <ijaj j OAjj^i-rl J 5 (JJ CJAlil (jiHj 

Jl UjLm yli . ^^^1 JS-SJI jl JJ JJ iijWI J£JI jl v_iilSJl JfLiJI £^3 

, JUI ljj» (_^ic Leilas (jSjy 


K, 

H In *= 

Colour A 
Pseudo or normal 


H In 

Colour B 
(lonogenic) 



+ In" 


• (B), (A) ojui c>& (Kj) (jijj'Ji ouii jAJ*jj 
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JJi xJLaI ■j *' * L ' Min jiJI yli (48) 3 JjL*II 
C + xC 

= Kj x K 2 = K In -53 

^Hln" 

jJUu—/j^ kL-^II lyi Oaiapl (49) XJjLftii Oulu (53) 3JjL»Ilj 

t iiL-JI JlSL-i^U (K2, K]) (_5 jjkj LfJI >* > ,; . » jljj'il cjwIj i.r.j.a>jl (Kin) 


Kh + = K, 



(53) 3JjljJlj 

-54 


(jjii j£y { ^‘ JjIa 3 -Axe In , Hin Jjju £,1 Jsl^^UI yjj 

*JL> Jl J— oJ Liili In , H) n yf . JJjJI j>>j j yjA-jjjj'ill 

u^i— uyA ub • 6^11 j D'j 3 ! 

. )jj wlS^jJ I tiulll Lj L..i.< 

CH + = Ki„ 


Or pH = pKi n 


J*!JI y*l (jJ—j (PKin) >ij*» 

j jjjiiJIj (54) <UjL»I( ,i>Lj 

c l - 

pH = pKin -! log — — -55 

C H)n 
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Jl_)_ ill ijOtUJIj 4_I. jyi»<jJI j (jjJLJ i_ju*lij (In ), (H] n ) jjSj3 l » juj 

: JloJt yxl Ji Js. (55) iJjUl uuS; ij+Jj . 


pH 


= pKln + log 


colour B 
colour A 


.!»_»■ j-*>-l L) IJ-1 L>* 99’/. £j J»l>j Jjjl ,_ylaj»j 1 '/ (jl y . (Jjjjjo JliaSj 

jjJJ (jj-J lh 10"/. (jSL*,; (j5Jj ^yil j (j£L*,> 'j ojjjhjJI (jj/JL 

10 4_^J (j y&i tiUlj (B) (jotli tjj*- A>lj J^ L »a . j^l 

sifj (jknJ pH Jii <J (A) (j_jU t-ijaf] 

pH = pKln + log ^ 

= pKl n - 1 

‘(B) OjLffliJI (jjl) Ojl^j J y>J j *j& i_jLiSLII (A) oeuL>JI Jill* 

qj£> 1 : 10 (jjS^ Soelill J) <>ojj>JI jl 

pH = pKln + log ~ 


- pKln + 1 

14 Jl j_jLo <jj yv'il (J Jj j k i ' l Ojlkll ilj'ill JOe (jl LIa^jj 

^ h « ~ iJji Ja_>}G (12) J}J_»Jlj U - ^ Jy^k# Jl A <- > jy^w. yj (^i 

. 14 Jl y«fi> (jj yyjvjjJy'il y-^fl <L»yj 


Universal Indicator <uUJI 

4_*UJI i-JjSb *£ jjjy JfcjjJj^l (_>j 5U £~>l_) (J Jj (jjJI iJj'il (jj l>yj«u» 

J, All Ja — Ip- (jj ySL*^ 11 Jl 4 yj pH ij J j ^anj pLp JJjJ Ja^ - al l J5u2Jlj 

. jjj'il JjjjLJjjj^jJIj (jJLl^s J j -i. ijiJ I ; (jJUoa JjjjLJ t (jJLVyiU — a yA>*il 

: (^**3 pH (> ^jj jjp (jyil oy^j 

PH 4 5 6 7 8 9 10 11 

Colour Red Orage Yellow Green Green Blue Blue Red 

red Yellow green Violet Violet 
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fUuil) (9) 


Table (12): Some use full Iodicators 


Indicator 

Colour 

Acid alkaline 

PK ta 

PH™„ 

Thymol blue 

Red 

Yellow 

1.51 

1.2 -2.8 

Methyl orange 

Red 

Yellow 

3.70 

3.1 -4.4 

Bromophenol blue 

Yellow 

Blue 

3.98 

3.0 -4.6 

Methyl red 

Red 

Yellow 

5.10 

4.2-64 

Bromocrosol purple 

Yellow 

Red 

6.30 

5.2-68 

Bromotheymole blue 

Yellow 

Blue 

7.00 

6.0 -7.6 

Phenol red 

Yellow 

Red 

7.90 

6.8-84 

Cresol red 

Yellow 

Red 

8.30 

7.2-88 

Thymol blue 

Yellow 

Purpli 

8.90 

8.0-96 

Phenol phthalien 

Colourless 

red 

9.40 

8.3- 10.0 

Thymolphlhalien 

Colourless 

blue 

9.40 

9.2 - 10.6 


Neutralization curves JjUjJI oUx x ao 

( JL> oj^UJIj c>‘= l *-» 4I ( _ # Ls Ulu yl cW-^l 

■_> A -4jn I I > uSe ■ V - A AOj ^j! , OjjL*II j J-jjSi 

. ojlpLsJIj 

: 4jj5 Sop 13 £4 ijtp i^*a> : Yji 

(j A . *> 11 ^, 1 y*Sl j Jj-Aill 

. (I — 24) jSLiJI j (jj-jj yj> US’ A_>_yiJI ojlpUIIj 
pH j jj i ill! ojl» JjIjcUI a U a 'i aI U’h q I (jjj Lilli 

Iajjkjj AlaS Jl OJLftUJI (jj AgU^ iiLcJ -UP 

oij jj pH j (10 Jl 4) y_» jJ-Aiilj jt .ia . l . ■■■ < ! J=v»- 

Jj__luiJl jl JLUjjJI J . j*j 1 1 j>l j-*’~ <1 £> ^ «_> < — 

. (10.5 Jl 3.5) ^Jil j . c*Jli*i 
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( V- Vi) 



<Uj5 5 OP 15 V_jL»W> t> AA> 

Sj^Lju 4_Jl»JI fijjt Ji< j 

ji_jjJ_j_oJI Jy-«kSjjjJ^A >lljl aJI (_>iu^ 

£-* J-i^ _>s! — (jiavill (jl 
dj-ejH t y 1 t>’JjaJ S Jl y^l jJjO 

J&u iJL>JI ojj» jj . Jjl*jJI 4jaij Jl 
oj — » J— i* jj . 9 Jl 6.5 j — « pH 

*J y«/L^2il (J^JjJI ^»'i .. n 1 l 5J La-JI 
. ~ 24) jjSLi , (jJLSjj Jjijjill 

Aj.yi.jn ojl»I5 g) jiA«> 

A! J" 

Jjli bIjl* (jj£^ Leyi pH j ^iiSJI (jLi 
4.7 j £4jj 4 v wi « l»sl I <ZiuII j 
(J— dJ jJI ^a»o— — u li— . 8.7 Jl 

J j nil <JL*Jl DO _» J-l# J v_J_wlill 

. (-»- 24) J5L5) . _^vSll 


8 


22 




( 9 ) 



: Sdptij vJLul^ tjAA> 

Sy^l ,.m 4 XJjUII o j_a J_li j 

yjjkjj Jj— v 5 jj JaA £4 .lljl >JI yAjL> 

8-6 ( ^J»j pH 

■ lj ’.jilt <_JL>J| o j . a j v_i_m>U1I »jl>JLm»II 
. (j - 24) Jift ^l»S| 


Determination of pH of a solution J ’^JLxaJJ pH ^xyu 

: J® 2 * ct* 3 ^ Jj* y*J *3 y£»J 


bja L^J ii^kJ! ojaj : <u£ull JjJI>aII 4fcuJjj y^VI y4J*3 — 1 

j,u«jy >_»)-< <3li (Jj 10 JjLajJI Jl plxJI (JjJjJI i-i i - sf ' y^l 

yj 10 Jl |»L<JI J^JjJI yj <t2j iiLiJ (Jji’l 5y« . J j L > >» U pH e_j2J L*ju 

1 Ah c5 i/ 3 ^* chK ^ 1 u# uj^ 

. yai! I J^LkaU 

: CuIjJI JVI — <MJjbu ^Jiu4 J^l>4 uj*V-2 

(Bjerrum wedge comparator) 

Bjerrum wedge comparator : - i 

yrfl yl (55) JJjUil <Lj J j - U *, H y/^l £>X } «. ~ ySL»i! yj 

y_» J— Jjl>jJI J <A-OJ jic (JoijJI j y_jUI DJ-i Cu^u 

Jjo 1*^4 ^ n.Aj y 5 L*J Lfjj yjltl ix-ij jykll 


Gillespie’s “Drop Ratio” method jLuuUL>J,l>lijJI 4 juu 4L^£> - ii 

y A l»> JI (JJ_J yl ijyjfo j l_W J ^l.l 3 Ju«lj : 4. 1 AO I 

. Jj1>aJI IjLfi pH 4+3 .jjt l»i £^»jk«D (0.2 
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Common ion effect J jiidl jjjSfl jjub 

^j_Lc .> »1»~ j LinJI v , ),1_W y CjljUg (jl pjlnil <jj 

^yic tSji>0 Jj"il ^IjkU . 0 JJV ^yic <Aj « j K» JiJ ijlj^Jl (j^X>J 

Cj » >< « 1 1 1. «,i L u . ijul 4 _‘i l iA ^JlC i.i, .*yj 4.A<.II i i jjJjijJl j^olip 

i.. u*Jjj i cipjjjjJl . i ll ^u Sjll j_oL1p ^ylc ^jjJ! ijuLSJI 

I (^,1-ojUkII) (_J Jjf 15 Jou>j j <ajIjJI j»-<j j 

i>» iejjKjJJ olj^Ji J-ol> (jl lj£>j t(Jfk,uJI t cJjjSLIf t jj , ; . ■>. . j . H 

: 3 1 u'il <11*^1 (jj (jjju L»5 

H«j! jJI <AjAAvtJI i^jlSJl 

olj?l J^»U jJll olj?l J«pL> jJII 

10 x 1 (j,«-ojL>J! 10 53 x 4 wl^lu jJ I 

10 5 x 1.4 >i» Hl 10 -45 x 8.5 (^LaoJI 

: JjL*^ (j^jllaJl j jl* [»■ '> •. ' ’’ (jiIc^K*JI Jj 

: ij* C^k} <yl" chW’JjJ^I j 1 * u4 l* 1 * 
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h 2 s 


HS" 


H + + HS" 
H + + HS"' 


K,= 


(9) 

[H + ][HS~] 

H 2 S 


k 2 = 


[H + ][HS~] 

h 2 s 


: y> J~eL> uj&i* K 2 , K; <—»_/■* J-»L> u 

: y> (jiLiD ^yiSU! j^»UJI uj^ij 

H 2 S ^ 2H* + HS"' 

j cjjLJ j&Sy ^ i-sjuJj y 5jl l (jj^jjJy'il ±jZjy£ (jL pl«JI ^ 

: Jlill _pJJI J* . (it, S'") (j^-»Jj -U^ Ij O^jiJI OjU^i b=JjL>J (jlj J»_I^JI 
[H^] 2 [S] = Constant 


+ i2 


or 


j£y ^ J-»>j U-«j 

constant 


S "" = 


[H ] 


+ l2 


[H ] 


y-Sjj £>y* £-t I j . -iv C i—JUjljuu O^jJkSJl vJkO^jI jjSjj (jl h iljlxil 6 JJk ijjj 
.Oli^xSlII ijy\ ji$y <jJ ±iy < <!* j » t l l *JL»jP <j Ij ( ix-<yi) J^jkjJI j ,j_^i 


(jl J-*y£ <L*j)jJ) j I ijuLJJ I icjjjyvo Jl j_olie Jl (jJi>jjjjSl Jl£u y£ iiLoj Jl!jv 9 IjJ 

vuLjyi £• j ui » » ll Vidj^i <jj J5 JjIj'lJl J-oL> (jl l J&uyi) * ‘ L I A 

: (jl ijl I4J ijlj^l <>» _>a 2 >Ij (JJjuj j^jjiSJI 

[Cu ++ ] [S""] > Ksp(CuS) 3.5 X 10" 45 

[Zn ++ ] [S"‘] > Ksp(ZuS) 3.5 x 10" 20 

dLJjj ^-rfjini <— c^« > i i i ,j jauK^ii j oUjdi jj$j> (jj j^ian ^-jL3Kj ijj 


j-j«JI Jl (j^>jjjjSl ojU^I BjI^j vtUjj (HC 1 ) <j 5 uJj <9L-»l> 

(jl (jl <. »— 1 — *yj }L» OufjJI icjAJK*JI (jl jjkJ Ijj . iaJUUI jl£JI 

j o-* y> L*£ iej*>uJI (j* yS I Lf! olj'lfl J-oL^ <u,J 

yo ^ >«ll j±£y Vj“® o* ol j^/l J~oL^ (oJlill lic^> >. >JI) i^jtUI <Jl»JI 

(jfiJj . «_jj-«jjJI <±>±>*4 JlilU) L^Juf j{ Vj-e J-oL> (jj jjkSl J^UjAII oll^i jjSj? j 
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(9) j 

j J&y a_lj_tf> <jl (jl O *^ "' ^ UJ^i icjA>w*JI j 

i>-» Sjri-*j *—&»£ Jyrj >- . -»>ii JIjJUj jlslij) W-M-M J-«i- > i>* Jii 

^jjJI jjDl ejj*j . >-i k i . tijjL>yj Uj^SJj 0_>^i jx-i^ ! j oOjJ 

J jl »<lll u-jaj dLJj . t -i j .jjil! <iji 1 $.. A a i |>6 (jjl*i! J-A* j L^ujJkIwI 

: Z 3 ' 

H 2 S 2 H* + S"~ i*UJI Xe.y^\ j 

HC 1 ^ H* + Cl Jslwj 

ju-jj isL»| ->'■*> £>£>jjj^Sll Ij.n^g k_jutfLu^ ,jt UjL- j£j L* 5 j 

J*»* dJjJ a Bjjij <**& JjLkJI j <j*>jjjJ lip vfj* >*J 

ej_* (_5 jj _3 jLlJLj a uijn.<> aU^J_j^l£^J I <jL plaJI £4 jLuJI <j->-Lj ^Ijj Jj'Jl (jj'llll 
a n j . . 1 1 . .■ ^jj ^4. (_5 jaJ I j_>JI Jl Jaw}) I j J^yjaSal) oll^jl JJiij Jl Mjvlj^l 

Bjl^j Jl til (S ) iy* #ji*J “***£ Jl £li»U* i®JJa»a*JI . i,ulill 

> , i. > <i..» l t 5_)15 iu-j Jl «il)j ^li*^ JI^Wj 4 y*»JI y^Ull j-lji i^i oj^l jJ y (>• 
: £*-«>yJI j l*£j Ji^ll ,_J-e *I»-ljl ji jJlyl! 

H 2 S *=* 2H + + S“ 

2NH4OH *=* 2NH4 + + 2 HCT 

£_• J^JyjiaJI Jjili J*51 V*ic yl Ja»-jt^ 

<jj-S*J SJjjjSl £j 0*»jj.iJ^I ck^j <jj£J (NH4 + ) 

OolyJI ^_gj« >-«Jt a .<jjJ 4 _ i jL 5' yj_£ JJ jljjj J^j^yjibll ^tii] <J^C (jli <JLcj . »UI 

JUJU} . LfJ olj?l J>eL> <tl»y 4 ^hjo ali j . > (Lo^f a_ju*jju i^jlUl •CCjjJKjJI iaJa-'i) 

. 4juI_J I 4-tj ». >• .« II j-cLlC JjJ ijuLUl j-eUaC \ Zjjuo j 

b~* <-S i cSj *» •*»!> Jsjliwi Jl (NH4OH) BjJiL* ^^^4*111 . >j .4. S Jjj ijM iiLol yi 1 * 5 " 

JJjSj a ^_jj_SJI . wL^Jyj^JI a jj.> >11 <_UUJI Ha^KiJI y~oLlc 

a j^UliJI till? a-wjj ajlj (i«(jLJl <C£_^4L>uJf) ^Ln.a^llj (OuljJl <Lcjt»»«ll) yj_OjL>Jl 
j-aSl Ja— «jll j (> 0 y&j <£*5 <J^*i (jl aiu>- 

, O Lfrj « *» « 1 1 aillj a-j^j-jjJ Jl (^jJI 
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1 ( 9 ) 

(1.1 x 10 

( l x io" 18 urti j^U) d yj\ 

(3.4 x 10 ' olj?l J-oL>) p^- j ..i. i« .ll jl,w5jj j-t» 

(j_C Jj_l£_i J«ji olj^l ji Ja>-^ pjill OJA jjj 

idLoJ J_aS (!>-* Jj— *-» *j^> t-iy-ei _jj JUllj) , ^Ul 

"ij <_UL5J1 4_cj^j>dl > _i j .,,. jjJ ^t.— (jj_J! jOaJI JI <jumJ Jx>^> 

. Sjjij JI ^l~>.~ Ai ^> ^«..».» 

jjlill ^JLc JLLlwjl (jjjli ^IjjQLoU — : ^jJL< j* 1*5 >il)j ^j.^«~ilj 
NH 4 OH 2NH4 + + HO 

K _ [nh 4 ^][oh~-] 

P (NH 4 OH) 

: JlsJly -tu-<_jll j cjLJ JlsJUj yij ji 

(NH 4 + ) (OH - ) = constant 


. . t 1 t 

uji 1 3Ay £>• iii 


(OH - ) = 


cons tan t 
(NH 4 + ) 


or OH - x 


(NH 4 + ) 


• (NH 4 + ) y^y £-• k — y£y o< ii' 

j p -****^ 1 ■*- c J*^* J* lijj-i <-'1* J^kj 

jj^l J*><^ J&k> jl-JI <JJL»ujl SJjUII (3 jJI ^t^l Jk-«_jJl 

. t_ « i i *. J> Au-jJI j (OH - ) 

<-£)*-»>-*JI j~oLie {J J* ^ 5 _) -'■> j J)_L>o JI pj^ujjSl 0 _,!j_)J 5 ^ — x*5 JJ123 jfL^j 

i p_^jLJl t pj j— , J I53I ( j_* j>oUu*3l ej_*j ol_5_^j5 4 J 4 A ^it v_j_ JjJ ^ll| «>...*« L>J I 
^ « n ..» j M k. .* ^11 fj-Aj (NH^COs <LiLoJ J_*9 t ijjL«*j| 

^_lp'j| Ifl-ljl J-oLv JI dDjj i i-jUl <lgj«>tll j pjj.j i«ll ^-oic yjMijjj 

.10 5 pj^JuJI Ljyj (10 *) <-*«L»JI jj 
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<hj& f 4^ (9) 


(9.3 x 10 8 4!j?l 

(2.8 X 10 J-oL»-) ^J.,j.«iiill 

CO3 J- J 1 j Jl i _5 jj_j <jlj ^jut ja LS L~<jJI Jl jjjjli' OL 0 J jJL*i 

(_5 j_J I j_»^ll i j L.^l l <_ ; . > ■ U ^lj_j iJjLJfj ^jjjj^'il iejjjKj SjUj j i.c ^oUJI 
jtjj.m t« 1 1 Lai 4~unl>Jl -LcjUKaJI 4jjlS jjSjj it-ijJl ,j <lj)i CjUjjj 5J I ifrjjL*u 

4_»Lot <jl 9 1 tj*cj Milj] J_oL>- (jj jjL J5I olj^fl J-oL> jl i^o^> L-tsjju Mi 

1 1 11 (jj—jSl jjjlj JaAj tjj*j <jli -ta— <_jJ I j Jjlfrj *J J >- 1 yt Jl Sjtl 

: Jii US' JjliJI <jj, !^l ^Jho* 3 6^*0 

jlj jiiw jjjl U^ju> ±Jjk».J> j>\ Jl ijj/i Ouljjjill uJujl Ijl " 

" cJuajJI ^IVI j Ijjft ^yaij Jl ijjjj OU-VI tillj 

frill Jl JfrljDlj ^U5.Vl iiUtfl 

j_»JI l_»Sj iljlill (jjii^ll jjiU Jl l^jl *UI j t50frliJI ji ^. A aJ- l l jjiljdl 

: l*^ (jjliJI bj&t »i»Jjj 3 £[jJl *01 <jb j*jl*j 

h 2 o *==* ir+ oir 

; jJlij— .ji (j^Jli (3 j .t k .uj 


R _ [H + ][0H ] 

(H 2 0) 

tiuii ♦ui jjSji ji 

K (H 2 0) = K w = (OH - ) (IT) = 10 -14 

oi (ii 

TT+ 10 -14 constant 1 

H = = or x 

(OH - ) (OH - ) (OH - ) 

(jj_*jjjj ! il <jj-J Sjlyj Jl (jjJ-j <dUj jlj (HCI) (j ^tflj (>et*>Jl 3iL»j ju*> 

(jj—jl J_ij ji <_Sli ouU jIjJL* (OH - ) (HO vj^ J-® 4 >’ <jl > m i ^» -j 
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( 9 ) 

<J jJI Cij^l J^LJO £>£ Ijjbj . cjLu jljill £juo,j { JL> 

— 1*1 ‘vAj (i»JLail (jAo.ll ,j£ ^Jlijf) »li! j OjiSj J y> y\ £j J^Uuj 

(Ff) y! <jl . L,t .. A ». > ^ j . nj JljJLj (OH - ) yj jSSt *111 j (H*) 

^xll dijju xjli »lil j *-*£^4 kJy~»l _)J , 7 y4 J3f (jl lO 7 ^ ja£I 

til (Off) J*»^! tjjJI j4^l »UI j U>ii U ■> I jjil 

. OOPlill ^jLoJI JjLvjJI Li-i’d.jj . JxmijJI ^juojj , 7 (jj ja£I 


illjliJI jjjSfl Jjjb 4jjjl 

HCO 2 H wL^j^JI <_>A*»J J_jL>a j <^i jjSjJ <L>jj IjJ — 1 

jA_Sj3 j kioL>J! ju «. ~J I &&* yi / £j^i\ 10 3 x 6.4 yi l^j>- 0.2 yS y 

5jl— - jJU Jj1>«jJI ^ . 1 . ^ , 1 ^jjL> HCOiNa ^jyai\ oUj^j iiLol jjc 
4 10 4 X 2 L J_» (Ka) (j A -« >J l oiLj oLjj jL l.tl c 4 yi/ |»1 ys* ^ 1 ,« U 

• 75/ (^*( CC ) ^11 L«b M’jJj 

HCO 2 H ^ tC + HCOO - y» oi*j»Jl 


[H + ][HCOO~] 
(NCOOH) 


5JL» jjtcj 

= 2 x 1 0" 4 


oc = Jy^JI j (j_^i <L>jJ yl (jtfjjuu 5iL«l Jliuj 

: IjJ t yil/sj*r j»b» (0.2 oc ) ^a iLjjjyjf <jjj l> j^j3 ^*j J j • j*l/ 

+ ..‘.1 (j A . .» > ■ (j^Lj ij-t i_>JlUI oU_^Sl j^Sjj = oUjyil jjji jj£jj 

: (75/,) p_^jj«all ol*jy <>4 ^»oU3l oUjj'il! 

(0.75 + oc ) gm ion /L = [HCOO - ] 


2 x 10^ 


(^IjJ'ill iljluj j uJuyt i)b IjJ 
[«][0.75+oc] = [°c][0.75+ oc] 

[0.2- x] [0.2] 

Layl k.inijll jj ByLeJ |>llll j (OC ) jljill Jj-fi 
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2 x 10" 


( 9 ) 


0.75k 


ji) ^ - 11 1 iiLoJ jjuj J ^ LxJl j y^l y^y 5->jj ijjlijjj 

I y^Syll (jl tSl 5.34 x 5 Jl 6.4 x 3 y ouaiLu Ifjl jjjJ 


6.40x10" 


■= 120 


- = 120 \£jl\ (jfi 

5.34x 10 -5 - 

(jl_> L«JLp vlil j tu*jl, ..i^lj cy'JLifl ijuLj j yjj yjli — 2 

10 9 x 3.8 J^sl >j 70'/ 4_>jjj ( j3L)/^Ij_> 0.05 y^y 


*UI j jiji-JISJI yjlj 


CaC 2 0 4 


Ca 2+ + C 2 0 4 ‘ 


lS>> |»l>> iii yi lil 
Ca 2+ + C 2 0 4 " ' = X gm ion/L 

Ksp - [Ca 2+ ][C 2 0 4 ” _ ] I3J 

3.8 x 10~ 9 = X 2 , X= V3.8xl0" 9 = 6.2 x 10~ 5 
(X) *UI j ^-JI53I o'^L-51 yi 

<ji (joyJu , Oj*j L .« 5 l JyL>v* j ^^JLSJI O^LnSl j 

oUy ySy yLJ olcj y = o'iL^I J y .•>•,« j <11531 o!^L*Sl i-ubj j 

^uu J_^L>va 1I j j»_j,i_Jl53l 
Ca 2+ + C 2 0 4 ~" = X gm ion 12 

y> ^LSi\ Oyi JSil y$yl\ .*. 

y + (0.70 x 0.05) 

= y + (0.035) 

JJjUIl j (jAtyuil) 

' K SP = [Ca 2+ ] [C 2 0 4 -] I3J 

3.8 xlO" 9 = [y][0.0358 + 4] 
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(9) 

btjj woJ (y) JUaL_j 


3.8 x 10“ 9 = 0.0358 y 
/. y = 1.085 x 10" 


jl ,\S «' OUp SlL l$JI JJfcj OfjJJ 4 ijSlI B JxA JJjUujj 

6.2 xlO' 5 

= 570 


1.085x10"' 

, I ■ * 1 1 0^4 

y-j ^^JL J— >-lj 1— irf-oi Ijj ^SJI j iiol>JI jjajJI t-j... >-l ; Jlio 

. l Jij <L JL 99 JL £^0.1 
UJl 

J_5 5JLoJ j — *_jj 7 = tUJ (pH) JjL»l» <-111 (jli iiLoj JjJ 


Ijj *lil j 5L15 Oi* — Ai u* <>j*y jooo ^° 3 LrA * ,>J, ol* 

■ PI j£j> 

[H + ] = 13“ 3 gmion/L 
pH = -log (IT) 
pH = - log (10 -3 ) = 3 

(JA *>• CjJt (jlL 1 ULoJ 0«^U 3 Jl 7 Ixwjil y* j| j,UUJ *ji j5l 

■ £ 10 ^ 

(j-j ^jJL LLj U e l Ijj J Ojl*Jl j*A5)l u*l>I : Jlio 

. »Ul (jJL 99 Jl ^0.1 jj.alf 


= ^ < , y-Sl) ^5 jJIj JjLjU ^iiJI •■111 oji iiLil JjS 

Oj-^i (^^211 £>• ‘ tijL* ToOO ‘‘O 1 ** ol* <^L»1 L*j . 7 

• t*k 
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f ( 9 ) 

[OH - ] = 1 0 -3 gm ion/L 

pOH = -log (OH - ) 

pOH = - log (10 -3 ) 

pH + pOH = 14 

pH =14-3 = 11 

J Lilly . 1 1 7 j—j oIjp-j 4 .**» jlj js p 5 j)l (ji (ii 

. J _jicji Mikia j J^LxjJI 


: aJu^I 

j Li Up (KCN) ilyjJI J,yLd yt iyl^P J_jL*sj j£*j <L>jJ i— u*>l ; JljLJ 

. p25° Sjljp- ole 10 1(1 x 7,2 j* HCN ^ »■ > ■ ^,>13 cju15 


JLUI 


KCN + 

H 2 0 *=* HCN + KOH 

Kh 

_ K w 


K a 

Kw 

= 10 -14 , Ka = 7.2 xlO -10 

K h 

= Kw =1.38*10-’ 

K a 

-VK h /C =^| 

ll - 38 * ,0 ' 5 = 1.17 x10- 
0.1 


1.17 / LySj i>- y 

i° 5jl j-p>- i—PjJ 

jjip j»_J_,xy«Sl *iul} (jl5 |j) 


>-jj j j-yjiSLl J-j till (^LiJI ciuU uu^»l . 10 5 X 1.8 

• J^llsj^r fljJf’ 0.001 tjiZy 


JlpU) 
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f ( 9 ) 

[OH - ] = 1 0 -3 gm ion/L 

pOH = -log (OH - ) 

pOH = - log (10 -3 ) 

pH + pOH = 14 

pH =14-3 = 11 

J Lilly . 1 1 7 j—j oIjp-j 4 .**» jlj js p 5 j)l (ji (ii 

. J _jicji Mikia j J^LxjJI 


: aJu^I 

j Li Up (KCN) ilyjJI J,yLd yt iyl^P J_jL*sj j£*j <L>jJ i— u*>l ; JljLJ 

. p25° Sjljp- ole 10 1(1 x 7,2 j* HCN ^ »■ > ■ ^,>13 cju15 


JLUI 


KCN + 

H 2 0 *=* HCN + KOH 

Kh 

_ K w 


K a 

Kw 

= 10 -14 , Ka = 7.2 xlO -10 

K h 

= Kw =1.38*10-’ 

K a 

-VK h /C =^| 

ll - 38 * ,0 ' 5 = 1.17 x10- 
0.1 


1.17 / LySj i>- y 

i° 5jl j-p>- i—PjJ 

jjip j»_J_,xy«Sl *iul} (jl5 |j) 


>-jj j j-yjiSLl J-j till (^LiJI ciuU uu^»l . 10 5 X 1.8 

• J^llsj^r fljJf’ 0.001 tjiZy 


JlpU) 


- 359 - 



*1*4^ (9) 


I frUaA J I t_>L <UU 

Uux» j ,j4—~al J u vl . > >. *l l (>c JjuaiiJL yiiU Jj , ! . >. . ~ . t I <^c k_uSl — 1 

. ^kwjJ Ij 

Jlji>“il jLf>- — _*■ 3 v i i UJ. »J I i^lkll — i_i (jljl ji Ujjti — i ; yiiU — 2 
k— >1...I > - j_£*J k_A. ^ jkj . ( ^jjJjj r i£ 1 Jl Jjl»J jLkoJ j»_/ jJI £4 D^ 1 ~ 3 

jjSjj-JI jjJU (j^J ^5 I Jlrfi*ilt uL> <j» (k) iaL>JI CjuLj 

. >ii)jj JlaI) jk— > jJ I 

—2 „ • 

ik>L«jj ji.10 x 1.72 Ujjj iiLii jj -u i n i (jjj ^ ’/i (JjLk4 — 4 

I ,‘>—^.1 <_JLeJ^I ^LSLi uu<k>l . ^jt 25 LajjS i—jjlij 4J10 -4 x 4.5 LajJ3 

. (Ionic mobilities) i^j^i j* ^ - 5 

. jSjJ U (J5 lJ £j«iJI ioJLoj'jl j*l*i oU,»xto jSjl — 6 
. (Transport number) Jto^l jac jU/i - 7 

; jc 0 jjJ v_uS1 — 8 

. >— 4a£ii <*j*2l <mjIjJI ojSlI — w . ojIjJI ojill ^LJ — I 

. cjkUl J-fjf- cjU. j . ik; — _> 

: jc k yu ^l — 9 

JjlnoJI oljiJkU — k_) SJj'ij ol^jlaj — I 

<jC*Jit DjkU.ll — J .1$ >»1) j j3 <k-/( y> DjjUll — _ > 

j.5»J k- ij^ OrfJJ kJ^All c ij6 pJ J j L»J 4 t u Uj jjkj ljl» — I — 10 

. JjL>jJ Ol jjQLj 


-361 - 



(9) 

• f>4«j ji-* *4 j '* »« j £— > »j 6.2 JJjJ (pk) ^a->j — <_j 

. OO^UJI 4lklll j 5.5 4 4>A«a«ll 4ikiil j <-'j> 4.5 jjDI yl Ja>-^1 

. J y.-v.aJ I ljLfJ pH <*jS ^jA Ui 

. ^jlx>-jjX>l yd jtixUl JjUuJI ?. jaJsjil J^L>jJb Jj ^Ol U — I — 1 1 

. (ylyUl* Lul^l OyJsuJI jr_yil — w 

j}~£ ^-5 . JjJL>uJ j->Tj J-li viiL- yj_c J— y^j 0jL5 — 12 

»Lk 5 oU^uliDlj CjUjji£J’Vl yby-' oL>ol L>%-o_y J L ii >~ ijj^vaJ 

, <Jlji>j yi-'lllj " '..XI OjJtft l^ljj»0 It^jl yJJ yJlhiJI 

? _J* Uj 4 wJpuiJl < U | J«5 U j £ jl — 13 

5-jjlUI ‘LejjJ ** Jl (jj j wjjlill y^Sl JaC jLoi>b y^J — 14 

. t n.iijjj) <*iy5j .fcwjJI ySj £j . 
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(IQ) 



Chemical KLineties 


ij\£ lj| L UjjJI 4~ j >• . n j I . 4^jlj>Jl IS^UjjJI k_ib j 

(jljjj—j kZjj_u j ^ -j >JL ^ ^ c>5L!j . *jjl ijuUlj 5 

jljj Jt 4lpUSll jljll ,J^»o 4 4jJ»*II <>• Ol>J 

4_>jJ j_lc IxfJU JS’ Jjslu jic *U Jl . 4>olj 

Sx^ij j (^u5LJ! (>• 4 *U cmJj (j£lj . 4Sljj| (jSbj (,°25 Ojlj^ 

~>>_i 1 —iLjJI IVj 1 1 jl . Sjl>»JI (jj 5 yS 4jJ S Ijkm J±~*i J^liuJI (jli jl<L> 

4 tj— All 4 jlJL»JI JjLuJI 4 y&y — ilj i>jj (jl JaP (JjJM 

tl_ L >...^H £j—byt 4__»ljjJI Q.\ ft JJb JfUulI -L» — J> jJkj nil 4-j.^jil 4 4j>jjlll 

: {yfiyayt ^JlC .U^llll 4^Sj>Jl 4— iljjJI oia j . 4 jSJ>J| 

4 l^LLoJI cuL^kjJl j I oyjzj-j (rate of reaction) JpUjJI Jjjw 5i yus : U^Jji 

£_j|y ^ b.j J^liulJ jUL»JI JjUJI L pi j « ji> . l l jpL<^ 4-iSl 

, ijijLoail 

Haw deos a chemical reaction occur ^SLwSJf JelliJI 4 iya> 
p_»l (j t J^-lj j .y mj 4^,ijlSL T u jjif' JjjJ 4 uUjLu tike] ^ l u ) 

. 4j^Jl»JI t l._i i.jS.1 I j JSLill 

The reaction rate : JpUuII Jjum 

j>LJI eu£ Jl ^..iSi'm 

A - Extremely fast reactions Ijl> 4 juj ~> o^UUj - I 

. 4— I j 4±)ju>J 4_^j_^jl tu^ULiJ) J^LiiJI j-& JcLiiil yj ^jUI li» 

j (4_^i j_cI jSj 4-tJ_j 3 yAL»^-i) JiLiiJI o^UL-ij £lySl d j> <>»j 4 ^y k^l 

J^Lij »ilJ j£ 4 10 7 J}l_» j cn^le Lilli 0 j_A tjjjzjjj 4_,ulil kLij^l 

1 -iSal i~ll jjAlju «ilJj5 4 (i_j_-«lj) 4.. A 4 H J^IS J hnjl 4_Ai!l liiljjj j»^jJ_^aJI 

4_i_5 oLSiij J^l is Jii . 4*5 ji 4L»u*o Jj*l 4 *j-JI 5jui <j« > t - ij .. > 
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AjSjaJj (IQ) 

L^j L . n ■> (j S-kj "j oa» Jjjm Ijj . N2O4 ¥ 2NO2 

. o^Ltlil)l ojj> ijjuu 1 — j L..»J ILt^Lu L> oJlZJ jSJj o jLt 

B- Moderately slow reactions «U j~A\ Zk~*y4 oiUU3 - lj 

Lf— >L5 >— j-»llll ijj t_s 1 4 L^SljjJ j£b j 4gjL_u.jS.il cj ^L cUjJI oia Ji* olcj— < > ^ > 

J^Lij J_ju . 4 iyoA <iyafi £lj j'jl 0 jjb jgj , biujco 

: luS Sji-i'il jJ^Uj >1 DjS" 4 |i°450 Sjl y> -u£ j_jj + jg>-jjjjujl 

CH3COOH + C2H5OH — — - » CH3COOC2H5 + H 2 0 

. iiyOl ljy> 4->jj -uc 

C- Very slow reactions )jl> <il»R> o^UUj 

3jlj_> 4_»jj J_l£ L$— <L-«l>| ji LfS'ljj] (j5L*i “j lfjjjj> juc o!>UlijJI y> , 

4 «il_!j JLJu ?.4 jJL— « AG° (jt— J L j SggUjJ^jjjj Sjui> j>£ ol 4 4-S Jjill 

4-jy*JI 4 j»j 0 J ‘(><Jl j 4 jj*>o “i jt>4JI 4 ^yAjukll jlill 4 (jijjjJI 4(jJjjL»JI 

|k_j Jj-J y <1 j «.! j ijllj UkL> _jl 4lu>g . 4 J- 4 III ji viUjjiSJl < n , „ l^j 'jt 

y,djyL»JI jl ljjL>l J— LC LaS . j *Jj3 LjJj>u 4iljju>l Jgtf Ja>-!>U lijlj <— i$J 4jlc Ul..,j 

"j yJJK— aSj'jl J a Jjvj l t.'ig Lcui . yj Bya^ 4g*S ^JmjJ 

. pl^e'j ISyj iijill Sjly^ jjc »UI y* 4- b j-ij j)j 4. 1 uS jl y_j5uy 

J—jIjp — j—>u 4_5jj»JI <L — ^*>y of ySuj o^LclioJI jl jj— < l» ^Vug > 

j-4 ^yjJI otylfrLiuJI (J— isi fb ja-<yu (J^Uj JjJU l$J ( jiJt 4ij^lelil)l y£Jj . 4_ol_>- 

t5l xSp ^31—i <s jl^l U \tyj' ^y» icy-< Jjj«j . LfJjLij 

4_>0llll jI^JI jl 4_LcUill jlj_II ji^y 4 — iLg> jj J^lijJI iej -> Jjjm ii _yuj " 4^>J 
4 4_jjl5Jb 0-4^^ _>4— I— . 0-*j • >j |J^J (_jic SjI^I jl yaiillj »l^-> 

. ji!/ d _jib 4g* yju y£yi\j 

JjjuLui 4— jjjLiJl ojL^Ugi! 4j ■■‘‘ilbj . 4— jjlj yi J y < jA Jjjdl Cjlj->j Ijj 

<jJlj y> hi.Alb y£yi\ 


A + B 


C + D 


: JcUoll jxifl 

-1 
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j yj> La£ (t) I 4 IglH'll jljil J^l JoSjj (jjj ilbUl lla~<j jii 

JaLJuJI Jjuci <jli JaUiII jljil jjSji j {j^2j i±>jao Lll< . (1) (JSLiJI 

i — 9j— > iJ^Liil cjMojJ ojjjO! ^aII! Ij] . jljjj o»oLjJ! jl^II jjSjjj . I £j 
_)J_j t jaSjjJI J j -a il j l . u C*j) j ^jl)! 4jjjjJI SjIiJI jl 5 

£)li Jl I (^j 4,ujjJ| Ojj*!l ojj> j jis dt = t2 — tj _jJj jAjJI j -W—'> jjj»j U jL»>i 

(j_» jjjavjJI jjjajJI I ja jl iJaUi]) SjjJ J^L> i S jU j j£jj (j j£j JaIaaII ~<e-y^ 

Cyjii £-* js&J jJt jlHAI 4iui<l_jj 4 jLa>- £>SL»^ JaUuJI Jjum Ijl dx = X 2 — X ] 

. JaUa!I Jjiaj (jl (ji (1) JliJl j LaS 



Fig. (1) The concentration of reactant! as a function of time for the reaction 
A + B af. +D 


£» (J**** <-Wb J**’ J** ^ (1) JiiJI 

(j_i J£ »Ui>j Jo«m Oj&ij JaUaJ! iyj j « * .«,) JaUuII Jjuw I jj n <>»)JI 

: JljJI j>o!l Lflft j jfajJ I y&At <JLcUjII jl_jll ji&j 

dx d (A) d(B) ' _ 2 

dt dt dt 


'jjfSji £)l Jl jj 4 J I Jl BjLi'ilj <. 4lftliill j\jL\ j£$j> (A, B) yA wi,L> 

(C or D) 4 _>oU3I jIj— II _^»*!ll (3*iJlj ^ £>j)JI (J2j (A or B) <>* 

. Bjj-oJI oja ( jJa Leilas’ 

dx = d(C) = d(D) " _ 3 

dt dt dt 
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^SjaJ (10) 

jyyJo Jii o » ^Sjl — j 4_Leliill j!^_ll j4$y *Ui>l J j»j ij. Ju (2, 3) i!jl*II yti 

'. I jl2ut*j I (jj Jjjt* (jZ yju (jl (jSuj IjJ <>0UJI jljll 

dx _ d(A)_ d (B) _ d (C) _ d (D) 
dt dt dt dt dt 

A + 2B > 3C <>UiJI Jj 

Jj—ju i_jLoJI <L5jl5j . (A) u_Ajl1 AI^AJ (C) ijjjSu j ju>J U3li 

All iU -Ij i <JlP j.i jlkjJI l. H£t) L»jj JtfUlil lia Jjjw ( jhs 4 (B) t-lili*] 

: il^LSai 

dx _ 3 d(A)__3 d(B)_d(C) 
dt dt 2 dt dt 

ll^Ij 4 4iiUjill JjlaII y! (^5j*tfeJl) JjLJI Jjju 

. (_yoL>j J*U2)I Jjjw y> J->-lj ±>‘\ '- r -i->v I > 

-ki- (Jjli* j^Sjjd (2) JSAll 5JL>- 

. 04jU <j (jtfliJI A ► B (jl Jjij (jl (jSLA£j 



Fig. (2) Concentration of reactant and product as a function of 
time for the reaction A ► B 

4- jl 1 cI jj 3_ajUJl jlj-il jl 4—lcUlll jl^iJJ %\ya (jjjJI ^ic "jl j>~i UUJJ 

. (J^UjJI Sj3j J^Li- (J^UlII jI^j (jtJI 

Rate determination Jjudl jjjaj 

j»Ltll| 5jljj> ^->jJ ojju) jjiLi |»U> j : 1 (. iJ.»c ^Ijj^SJI (JfUjJI Jjju 
LoLi . j fje jjjJ 4 JjlaII 4_iU^f icLi 4 2juLi 3_»jj juc 

- 366 - 




ytjaJt fLnsai (IQ) | 

jlj_lj ySy (j— • itj— Ji t jjjn' j 4 Lt^Luj ijuli cz_> I Jx3 jjit jjjjJl (jj t---lij.ll jj.j| 

i.jlj.l >qj| jj_kJI JJ>I j L*JJ jij ij^i jljil y (jl US Oolill jljll y£y jl ^lclilll 

— >oJJ J j.^j~ll t * !L>- j I »S «.a 1I u-iLuj j S «j l_»S . <U— «Ull 

. iJI t_oi»2i-JI tj.All iyii\ 1 . «-i~ » I j ^j~jlj J '<jlSl 


Velocity constant : cuC 

jljll jjSjlJ IjJ jt) Ll-Lu .^jljajSH JftlijJI JjjM 4_i— lil^ 4 4 llfCI I (JjtS (J a3 

j oli-ljJI cjl_j^y>JI jjjJ j ' ■ jU Qiy ^lclilll jljll j_iS y ^oLj jl 4 Aleliill 


oils’ (jS-tj 


hj... ill J^lSjJI Ijj* yLi " J^lilJl 


-> 


dx 


products 
dx 


— oc [A] or — = k [A] 
dt dt 


products 


A + 2B > 

~ = k [A] [Bf 

dt 


-5 <jli 

JftUaJI jj 
-6 


i ^j—cjlJl J ' *11 liuLi ji icj— Jl cjjIIj i_i^*jj i_wLuJI Jjju (k) 

jjkJ (6 j 5) |»ij 3JjUll . _^>l (J-plfllJ (J^lkl (jj 4 Bjlj^JI Ofcjj j 

jlj_ll J_S) j&£y uy-*4 Jj*» (jjUy outi <jl 

. 5jj.yj ijjl ■ * -iLtUill 


: ( <U)I) JeliiJI 4.jSjiilS-La — 4jjyjj>JI — AjjjJI 

Order - Molecularty and Mechanism of reaction 

(>USJI j iSjLiilj ^iclilll jIjjJJ y£yllj JjaII <jjj ij^UJI (jl L j -t l jS ^-ol^JI (jj 

^jiJIj SJjUII o j ft ,JjL» . L»jj jl (6 j 5) kij'ijLdl j ij^xj US 

4 Jj_*ll jj-i»,~IL .«* JjaIIj Jjtlilll j <1 >IjJI lidJjj'Jl jjSy (j;U ii^UJI i Jt-ey 

(A, jIj-JJ (j,u«j J^Uj . JpUiJI iilj jjjJi jjill y> (, 5 jjjl*iJI JjjJI li^s 
jj_Sjj 4 (a) (j-SU \t^y (A) SjUl j^Sjj i_ 4 _-Uj^ JjaII (jl yAjiijj B and C) 
: y> J*Ui3l Jojm (jjS^i . (y) (_>-bU **j*y (C) j£yj (P) <*j9y (B) 

4 i =k[Af[B]i , [cr 
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AjSjaJ »U AjiSi (IQ) 

J_£J Jjl . £-* ijjj ^ylc Jjjj cjuIjj (tt, (3 2nd y) ,jj !>l£ (jl >* ij>- 

J*l— «j3l ijjj <jli JL> <ji (jiej . JIjSlI .(A, B and C) <jj 

. J J-a!l J'UK* j 4l>-|jJI ^lelilil JjA>JI 

|jj Order of reaction (n) = a + (3 + y 

Where n = 0 (Zero order reaction) 
n = 1 (First order reaction) 
n = 2 (Second order reaction) 
n = 3 (Third order reaction) 

3 ^ 1 >*j jb.fi II ,jj Ijjj j»ai ji-Lj (n) 

(JjL»-i Jl «2 j (jjjj— aJI tj—iS LuS (JclilJI ij Jju 4jk1L>Ij 

ijjjil ‘ (jlxlLiJI 1 *a l5jL>JI t bu Jt 

. l»AJ_y>j jjU (_S jj.nl I ijJjJI Lajl 

*..)—< Luj <Ujj o^LcUlJI (jj jj>Ij _ys . 4_u _>JI ^5jl>l Jclij 

Sjlj_>JI <_>jJ J ift ^JLclijil j|j_II tj—i JaZi 4 i.oilU jjfjjJI j JjS O^iUj 

: kij^LclijJI a jjb Jli dJj Jlij CuxLI 

Br 2 > 2 Br 

N 2 Oj > 2N0 2 + */2 0 2 

Rn > Rn + a 

Lf) ^jjJI Sjj jf Jbis J->lj jjkJ iJLc S^ail di jLcUjJ I a jjb j 

J^Ltl) i.i— ■■ ilbj . 4- Jb j>JI I_^jL>l l^-Jb J yu j\ i l jjlg J «'«,; JpliuJI (jl jl jjjo 
j 4 _L>IjJI -ciclilll jIjJI (j_» Jr» .29 (jj-iil jj— L* »~«j JsUr.ll (jl . <jjJI 

: Jl» oL«, (J^lijJI j 4l>|jJf jIjII (jl (jSLt,* 1*5" tJ^liuJI 

2HI > H 2 + I 2 

2H > H 2 

(j L i ~il~>. « jl 

ch 3 coo c 2 h 5 + otr — > CH3C00- + c 2 HjOh 

t~i.n* (jl u*j ji oljyjjf- t oljj) jIjII (jj (j^ilij JjLJI Jlill ^25 
. *jj^jjjJI (JaUiII JliftSj . <^jyjj»JI (_jil-d lifc Jl« (JtfliiJI j tJjJI (Jai 
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■> 2N0 2 


( 10 ) 

2NO + 0 2 

<• <j^>-_j~«f>'!ll £* 9 J ,jk > . ».i>l Mj> *jl Jl»j (J^lilJI Joju jl 6j» 

. Leul 4^2uj>JI 1*5" . U..AI jj£jj gj* 

i cjI — >£l\ j & <_)U (Molecularity) l • ° u ^ a j L-a-tjj 

yj-ij l— • 4^i3->JI Uifji . 3*jL>l lijUjLoj j jJ^UjJI j ^iMjJI (CkU^I <. Li»ljyj> 
. <6>j*r ji jjjJI jl j«~e <1)1 cA*i 4^3)1 1 j J^-IjJI jjlkJI J5 

<jl (j^ULii -OjlJi ji i^y>JI (jl JiiLJI oMelijJI yj Jx>!)UI (>*j 
t <_jJjJI jl ijjjJI ^UJ <• tSjl»-l jf ijJpl tSjL»-i Jj'il 

5o-5l . siD.il JliaS . 4jj^y>JI j Sill t~\> cjjUUlJI ijjj L^jis ju»^ 'J cj^I&UiII (jmj 
. ibUIl oj* j 1*5" I^jLII (J^Jl»s*J! j (jjjkjjjAll j^~aSI Jjij jjjjj*>JI 

2Fe +2 + H 2 0 2 ► 2Fe +3 + 20H“ 

. J5uiJI I Jl* >iliJJJi>JI (jjJ 1 JjJ«*j 

diI J~ = k[Fe +2 ][H 2 0 2 ] 

<JfjJI J.' nil iiljj-e (jl J->vl (j*ui . 4^1511 i>-jjJl (jj J^Uill Ijl* ijj&i jUJLy 
. itaUll (jlyj'lJ i^jliil jl^jJJ JJjUII (JjLu (j* i_jJjL*o j^Sjil) jjjiLiJ 

JcLijj'i J^ Lfcil l j <<JL>IjJI oljyjjkJI J5 (jl <£-<l^i)l SJjLnil jSJj JLllUj 

j»L-^a-l o L J -oj J^LaaJI »j li> j J_>J I |‘ll J.&I till (jl ^ ( jl ^ j u olj L ^^ jx y £• 

First order equation JjVl 4_u jJI aJjU* 

Lj 5 t J^UUJI pj*i i** t5j^ joIj Jj*b : Jjllf 

: Sjrfl JJjl*ib 4i* ^juojJI (j5L«j 
A ► products 

ejLil ji Sy (jl uij&j t (A) _jAj -LUUlil jl^ll j&y k* l-lu^Uu^ JjjJI (jl (jl 

OjjJ (j_»j Jj»j JJL» 0 u (x) t jil/J^» (a) ji~e Ojji yjj JjL* (A) <d*Ulll 

, J^UiJI Jo** jj5jj . (A) (jj < j j.u.1 1 4 oj 2JI jjJ / J^j (a — x) <> ji! l I j J < (t) 
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pl^uSJS (10) 

— <x (a - x) or — = k [a - x] -7 

dt V ’ dt J 

. ie^-JI out} ji t (specific rate constant) ^yJI JoJl out} - k o^>- 

. JfLSJI I j-jj (7) aJjUll SjtcJ (jSLuj 

dx . . 


(a-x) 


= k d t 




f dx - = k f d t -9 

^ (a-x) J 

( _ r Lm l J -ln(a-x) = kt + C -10 

(C) jLjJLj X = 0 (jLi t = 0 jjSj UjuuS . J~otil)l Out} (C) <iju>- 

. ^j K o i i (10) <JjU 11 j L >iuyu}luj (— In a) t^Lu 

-In (a x) = kt-lna -11 

ork = - In — - — -12 

t (a-x) 

. (k) o!j>jj . t J^tijJ 3Jjt*il 


Unit of k = 


mole lit -1 s " 1 
mole lit -1 


Jj «j cjjj ij*j jjSjjJI ^ytc .Ui»* (k) 4joi Oi>j (k) 4 UuJ oljjk-j 

i 4 jl»>ll 4 u^>uJI puJ Outs' !j| U jSUUj l <LutUl jl 4 ijJjJlj (k) <x£i ol fjfi 
. ijj'it jjtJI J->! (j jjJau 4 jli .(12) (jjjtsii ^ . A 9 o jl [dim otk*il jl 

V_*J— < (t) 4.«lt><» 4_jjj! J-i* (a — x) j^Sj? t (a) ^l-Cu^l j^S^lll — 1 
(jLi 4 4 i'LijJl 4 _jjL*o 3! JbL> 4_jut} (k) 4 oi>j j_Is (12) (j^jliJI j JjjLu 
(jj J^LjJI (jli yjjJI i_i}tl>j ^JJI f i a, 1 . 1 V I |j(j c 4 juj 1I (_5jt>l j jSi J^tisJI 

■ 

: 5j_j-fiu u_uSj (jl (jSL^ (12) JJjLil 
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(IQ) 


log (a - x) = 


2.303 


4 jli JjIJLi log (& — x) ii^Ull t ijulj 0j& (fl) <jli ijjJKj iS^ 


2.303 


Oai 1 jfcu»j jt L tSi.^JI Jx»JI (JjUj i log & «j n J , t* . ■< > Jai- LajIj ^ 


Log (a-or) 



slope ■ - 


J^L_> 


Fig. (3) Friit order reaction 

Jai> ^jkis! C]i <>jil log — — iS^UJI 


2.303 


I^jLm 6jJ3 (Ji* J^UuIl j»j!>UI (jjjJI 



■dope 


Fig. (4) Friit order reaction 


J-*>^ ^)5UI tMjll • . rt jll j-fc® Bj3_i ^Ij 

JJjLhII j Jlji~.^*jLi . (0.5 a) (x) yl jji 

2.303. a a 2a 

to . 5 = log = = — = — 

R s a -0.5a ^a a 

2 
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(IQ) 

ulL^, 4 yj&ji —} '' .Uja.' 'J (to.s) 4_ fcrtjjl jAft Ojjj (jl Lcyl J_>vji 

I_i h>o to. 5 (ji (jjju _jli i,u|jjjJ Oi|jj 5 jj Sj£ J >■',!, <L . (jjju (_<LfluJI jaC 5 Jj 3 

f j*. f> ut lj Jj^ll >jjJ! (j-» J^Lij ^. X < si "il J^Lii!! Ii_a (jli ill» Jl ilL» 

■ 

: AJLiUt 

■»j ...fTI (jut > . (N2O5) ju— < 51 ijjl j— >JI dLft.DI 

iJjUIlj ij£u _y> US' ^30 jle ^jIj j (jj^k^ijJI 

N 2 O 5 ^ 2 NO 2 + O 2 

(O2) l . *. ‘ uj (j^jSJI j 4_>jjy NO2, N2O5 (> (ji 

J l*£ j£Uu)l jjjJj J-auj jjjj [,»£* » 4 t-jjjJI ij-» 

. ( 5 ) J5LSJI 



Fig (5): Gai burette for measuring the rate of evolution of a gu during a 
chemical reaction. 


(ji LLoji J_j_9 (j ^ - ^ l £j^_> J.... i cj 4 (jA>j-uS^f! (_>*12 j (>*jJl jjj"j 

. 3Jujl (Vi) 4 (jA>^-»sSU (Voo) ^lSLII pj*oJl 

v« .y» (a) jgSjSll 

iijUil j Vt y> (x) ^ — »jJI jjSjjJI 
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k - log -S*- 

t ® V -V 
1 v a> v t 


: Jj'il ■LvjjU 12jJ» y^jjj « i l^si : *Jli» 

Time (min) 5 10 15 20 oo 

Volume of N 2 (ml) 17.5 29.7 38.2 44.3 58.3 


JJjUlb (jAjyuJL 


, 2.303 , V*, 

k = log 2 — 

t *v„-v t 

, 2.303, 58.3 . _[ 

ki = log =0.0713 mm 

5 58.3-17.5 

, 2.303, 58.3 _ _ _ _ . 

k 2 = log •= 0.0712 mm 

10 58.3-29.7 

, 2.303, 58.3 

k 4 = log — = 0.0713 min 

10 58.3-44.3 


yjjJl 3jjl5 (k) |>j3 yi Jx»^U 


Pseudo first order reaction ojtSJI Jj’ill £bl« 

jjupI . (<_ i5lj) i— <jLS3l 0 jaU» >. i ■ . i ~ 5v ~ yl y5L»^ yl yj 

: ,/Sl 

A + B > products 

IxfJ Jjjmj 

— =k’ [A] 
dt 

la#-J . (A) OjLII J-i OjO (k ) i±!A> 

. i_J ijlill Jj*5ll y» 4jb 

, JH*Sj 
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(io) 

J_UoJl J-' .« t y-LrfS (jS tij lj— > 4— \jlvi 6 jj_cu Lull I <JjJla«jJ! j J1 >uj 
j+laj 'i jlL»JI t 1,00*11 y« tty'll yj (ooL**) jli»- Jjl*« 0 L 0 L 

. i^ilil Jj31*wJI j 

CH 3 COOC 2 H 5 + H 2 0 ■■— at > CH 3 COOH + CH 3 OH 

JfLijJI |j_A J. It (jl_9 jLilbj i e jxi£ A j tS.j j y*y* ( 4 _ 41 .it) *111 yl ^J>! j}\ y« 

y_jjU5f JjjJaju j ,Jxull oil> 'j& y jift .Va.~« t lift 4 k-jjlS Jolio 

2 303 T -T 
k = ±iHl 0 g — - 2 . 

t T ro -T t 

J-l*j (Too — To) 4 OlJ 1 - >u (x) 4*43 Jltj (Too — Tl) 

. ji$y}) (a) 

J-£ j-j (j-t ,J-t 40 tfyZ»sj jjjj j i^u wi j J^Juil JiL> (^» Jj j-»lj : JIjw 

4 X-iliia Ouj! Bop j-Lc .LjljJI yj 2 ou > . ^25 Sjly>- L>jj ole 4 
: Jlj3l5 4j*oll3 aiulSj <Js4uI_jj ejjSyj 

Time (s) 0 1200 4500 7140 00 


NaOH used 


24.36 25.85 29.32 31,72 47.15 


Methl acetate (a) = Too - T 0 = 47. 

Methyl acetate (a - x) = Too - Ti = 

, 2.303, 22.79 

kj log 

1200 47.15-25.85 

, 2.303, 22.79 

M = log 

7140 47.15-31.12 


« Too -T 0 = 47.15 -24.36 = 22.79 ml 


= 5.62 x 10~ 5 s' 1 


= 5.44 x 10" 5 s' 1 


JjMl L>jJI yj ouli (JpUjJI Jo** (k) jjliou y* 

35°C j-1 * 2 N 2 0 5 > 4N0 2 (g) + 0 2 (g) J*l£UJ J*ll yi ^ |jj : J& 

ojjll yt y(ftUjdl ol — k (JpUaJI JjAJ CjjU 4- JUfc>- 1 . — 3.86 X 1 0 ^ S ' jO 


Slope = - k/ 2.303 
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3Jjl*ll yJ 




AjSjaJ ftgsSfl (IQ) 


0*0*^ k> 


-K = 2.303 x- 3.86 x 10" 
= 1.35 x 10 -4 s" 1 


0.03 ^pijju'il 35° C jJLc NjOj(g) 4 jJ .«i > , l j : Jlia 

ojlif .<£jJ jilijJI jjlc p£j . ? <i^3j 30 jju Sjlif y*£ y _y.l» . mol/1 

. 8.1 x 10 3 min ^ <J ■< culi <^3 yi tjj ? mol/1 0.02 J^>i) 

Jju jilijJL i>Uj IbLJI J tjjj.l I sjAj 


3,5x10' 

15 


A 


60 , . 

x = 8.1 x 10 3 mm 

min 


2.303 


i)jL«ll ijjj 


, 0.03 8.31 x 10 3 x 30 

log = 

A 2.303 


= 0.1055 
= 1.275 


po^jipyjf tJjii* li-L 


A = 0.02353 mol/1 

. m/10.02 Jl (Ji ailll jl»^l iijLJI JJjlnil jtljiOujbj 

, 0.03 8.1xl0" 3 xt 

log = 

0.02 2.303 

2.303 x log 1.5 = 8.1 x 10" 3 xt 

t = 50.0 min 

7.90 o-uj AKr.il r j5Ui o*j>i jU*? i»i 

, 0.03 8.1xl0 -3 xt 

log = 

0.02 2.303 


2.303 x log 10 = 8.1 x 10" 3 xt 
t = 284 min 
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jjjS-JI Jl>J : Jli* 

Jl . ijjjjjlil (jj jlL> Jjlft Jy*j j li® 

. JJjJ yoL> jl$_>o yjLijj . (2 h Jl (3 jL>I 

^Luii c j - ■** Jl wUa2ju**jl jj wJaA.uail OtjjJI iijlj 

cUfj^l j yljjj j^S^UJl L»Jyj i (dextro-rotatory) yljjJl 

vJlj_*J^I Liljj (a»), (cco) oi yij . (Levo-rotatory) (oljjj-Jl jLut) yaSUil 
a = (otc — ctoo) IjI . (t) 9jju3 y_ij j_*j (_ilj_ sOMl (ott) (jjLfjJlj ^yiljju'il 
t sjJlJ y_»j j_*j -l^usII j! (a — x) ^yiL£j (ott — oUo) jjySL— <11 ^yiljuuMl ill 

, 2.303, a c -a a 

k = ——log 

t a t - a* 

. bu^yS J^lilJI j e y£j -iy>y *Ul (jl <.* t L w> SjJjJI tSjl>-i J^lilJI Ijjbj 

: JjVI 5jJ jJI y« JcUjJI ^ic Jy>l 511}] 

oljUJl 

CH 3 N = NCH 3 > N 2 + C 2 H6 lijlyJt >-SsJl - 1 

S0 2 C1 2 ► S0 2 + Cl 2 — 2 

^yiljj) JiJyjJI Jy~»£l jy y-«5aJI — 3 

" o’ 

II 

(CH 3 ) 3 C - 0 - C(CH 3 ) 3 > 2CH 3 - C - CH 3 + C 2 H6 

JJUJI 5Jl> j 

liyjjuJI yAj»> jyj lijlydl y~*5uJI — 1 

C 6 H 2 (N0 2 ) 3 COOH > 3C 6 H 3 (N0 2 ) 3 + C0 2 

jyll Oyl Jyj j Ort-jjVft jy y-*& - 2 

h 2 o 2 ^ H 2 0 + 0 

(ja^Li Jy*j j Jy«£j| yyiwl (ylJu ~ 3 

(CH 3 ) 2 C (OH) CH 2 CO CH 3 > 2CH 3 CO CH 3 
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f W4j1H (IQ) 


Second order equation *L3 jJI aJjIw 

ij-t £4 Jjju . ^juji ijjjJi 

oi tfi oy JjS 

~ [A] [B] = k [A] [B] 
at 

: j j . nj jl *> JtfUlJI Ija (j! jf'jJL ^j5>x*JI (jjj 

(B) UjU (A) Sail) jgj oi J : jfi\ SJUII 

— = k [A] 2 = k (a - x) 2 or — — — = k dt -13 
dt (a-x) 2 


J-Kslly j 


(a-xr 


= k f dt — - — = 

* fl — Y 


kt + C 


j — = (C), X — 0 jli t — 0 juju (C) . J^lfuJI ouli (C) 

* a 

. (14) yjwi 


i , i , 

— = kt + - or kt = 


1 l 
(a-x) a 


. a -(a-x) , 1 x 

kt = — — or k = — 


a(a-x) 


t a (a-x) 


: JJjUII &j£u (B) bjUIj (A) sjtll ySy 0- * ^ <> pie <-»li A ^ B LjlLcj 

^7 = k (a - x) (b - x) or - ^ - = kdt -17 

dt (a-x)(b-x) 

. JIj o uq^Ij (17) UjUII Jjlfubj 

k ,« 2 L log MiriO 

t(a-b) 6 a(a-x) 


mole s (k) ol 

time x concentation 

: jjL bjju (k) <aj3 ujLt> (jfL 
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0 -*j U i*— JL (a, b and t) ji (x), (a) o* ^ < j^UI ^yj}\ - 1 

(jli <_(>l Jt ^ - . i«. > j Jili 0c) ^3 £)l _jli . J-ot>o tiiti 

. <LujJI 

2A— > product JpUjU 4 <>UI JjUj — - — i** 2 ]( «- y (a) *— JI £i> jlw - 2 

(a-x) 1 1 

(a) ,J£-i — ^Lll! kfijjl ( Ja*j ^j£L* » J x> ^lt J-o^J Lilli 



Fig. (ii) U * prodscti 


Fig (6b) A + h » predoctt 


(a — b) . 

^ 3 Q-J J 1 -*** 1 J** v 5 ) i> £-»lj 

. k 0^3 ( jit J-coj Lilli i^ljuu'il 

4—oliJI <UjUII j <31^ « pj L*5 Ljj ( i_i— oJJI Sjjii jL>^| : lull} 

(J. ^ x. * , ' ' Lilli JjSl 5 jJjJL 

1 0.5a 1 

t 0 s — -19 

°- 5 k a(a0.5a) ak 

jlj^JJ ill £« 1 ^«5 lp eowluj jjjJI cJu rt' i 5 j3i x>j (19) iljUll <>» 

. iltliiil 

. iwj j J1>J : 4jiiif yjj 

Third order reaction £5)0)1 <Lu ^)1 J*li3 

jIjJI jjJUJ 0 i ,ij . A + B + C » products JelisJI 

. a = b = c yl 15 ! <j!_}L»x» (ijMUl 

/. — = k (a - x ) 3 -20 

dt 
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( 10 ) 

- _L x(2a - x) 

"2t X a 2 (a _ x) 2 

(jiL* i »wj j (>jj <jJJL* 5 

SnCb + 2 FeCl 3 > SnCU + 2 FeCl 2 

,(3jj J\ Jlji»l . A^jUJI oj^L*JI jj 

2NO + H 2 » N 2 0 + H 2 0 

2O3 > 30 2 OjjpU Ul lx!j\ 

■v.ic 4 , 2j>j Jjj / 3.06 x 10 3 HI jj-aful Joa-i ouli : JLw 

: v,i^>l . 0.36 0 ^ ^Ijuw^I Ity . 410° C 

L»Axg ( jiJI jJIjjJ! jac — i_i <^>a2.u <2 ^jj 12 jj«j — I 

, (_5jl j->Jf j^-m2uJI fjLf) -. »Ji3 — _> 1 _jjJ / Jjj 0.25 J1 jjSJjJI jjijy 


— - — = Kt I 

A A 0 

— = 3.06 x 10~ 3 x 12+ — 

A 0.36 

= 0.3672 + 2.777 

— = 3.144 
A 

A =0.318 mole/1 


iJjlnil plo>a-/lj — 


iuLJI JJjUll (jj — i_> 


1 1 2 

_ = 3.06 x 1 0 -2 x t 

0.25 0.36 

t = 40 min 

(jjiplilJ . fl . Vi! jxft O^jjLl i I y'if JJjliJI — _> 


J-cliiJl Jo** - k 1 L# iljSj*il — (a) t± 
1 


3,06 x!0~^ 
mol /min 


•x 0.36x mol/1 
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= — - — = 90.9 
0.0110 

^yJl ^5Lu3t ouLS' 200°C j_lc (N0C1) j> ■ i_ >ljj jlc : Jlio 

: LfAc oiLflu> 

time 0 200 400 700 " 800 

Cone, m/1 0.025 0.0202 0.0169 0.0136 0.0120 

.? NOC1 *-j5j 1I j *4^1 (yU5 jl jl y-e q L »1 JcliuJI I jjb Ja 

L*JI 

jy'jt Jx>^U O jC.^ill iljLtll j jjjilallL 

1/fNOCl] = 40 49.5 59.2 73.5 83.3 

LogNOCl = -1.60 - 1.69 - 1.77 - 1.87 - 1.92 

SjjJI (y> jiJM jAliu]| I JA (jl . t Jjli* 1/fNOCI] OJA 

. rate = k [NOC1] 

: JtfUill Jjuu 5jl y»JI 4^VjJ Jjjib 

(ji j l.-u A^il j j-A-'jt £_• JielijJI JjJU ySjii\ ji jlj i— <ljj J J.,q.' (j"^l (jA«J 

ojl^ij Jl JIjJIj c5 J jj SjIjaJI ija-jj ojlej (jl l v i« l g jj*-j jis . ijuLi SjI^aJI -L>jj Jfej 
JjAuu ^1 y» L»j 3 . ij-utJ jjSJjJI (Jlij 1 » ij.i JaUiH <Ljjj j yJui 1 (jjj JaIIuJI Jjju j 
: yi’jl JaLajJI Ij^c L*i Jil^-Jlj ojlill ijj J£ j -L->- jLj JaIH)! Jjmj j 

2NO + O > 2N0 2 

4^JajJI t-yoii tU]| <jjj . CuJUl j±i~o SjIjaJI 4jfcjJ JjIjw (jl 

> (j— » (1889) (joj- jij ftjl J >-j JAi t OjIjaJI Jjjill pljlafc Ji! 4j_jl_Sl 

jj_£j I . 4, <lhll Cjfj_>J1 4_>jj £_» (k) ^yjjJI (JeUiJI Jjjil jxiu OjLkj 

. iibLuJl o j- 4-1 <jA jjjLoSil 

log k = A' - — 

T 
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(IQ) 

y_* J_£ t J^Lij *^1— 1)1 ^5 (B), (A ) ^ yi ^ i j , > 

log k pJj y_* 3 ~i ■ .< i I J> . >11 t_ju3y2j| i 1 ) ^blij y* (A , B) tiul_jill 

: y_j£^ (1) 5Jjl**iJ JiLiJIj t — Jjli* 

k = A e“ B/ T -21 

ijj'il Sy^fiJI ^jlc LflUlij y5 AjIJ 

- B / 

<_ilL (E) ti> . .» e 7 Rt (Boltzmann’s factor) J^Lju JLi-jb 

MSj . jUJ! Oub — R yj jj .i j »J I JjLu jl JjUj — At hj . ti'H 

t <t_Uiixll vZjL_JuJ r >Jl oUu« <la— yjjOj OjljjJ! 4j>jJ ( jift yl.Ulu,; ^ (A, B) yj 

: J-et>o (22) ibUil 

log k = log A - -— -23 

6 RT 

E 

ij_4 ^ilJJI J-rfl 4^,uJlj (20) SJjLII <juij (23) 5 JjL* 1I tiu>- 

(23) JJjlxll J-aLi'uj , (log A) 4^uJlj~ (Jjliu Log K 

: ^ylxnjJ dilkil 5yly»JI 4 j>jJ Jf <U....'ilL» 

g(lnk) = _E_ _ 24 

dT RT 2 

or d (In k) = - T 2 dt -25 

R 


T 2 , Ti 5jly>JI oL>jj j k 2 , ki c>H (25) JJjUII oju» JjLSluj 

k ; "T, 

{ d(tak)= J - r 2 dT 


T yJJtU (E) yl yi> yb 


E ( Ti -Ti 


2.303 1 T 1 T 2 


E f 1 1 


2 ~ 1 l , *2 ^ 1 1 t 

1 =ln— ^- = — or log 

t nn 1 r\ nn nn 


ki R l Ti T- 


r— 2- = - 


k, 2.3031 ^T,T 2 


T-> -Ti 


l$jL-t» (E) yli SjljP-Jl jji >yjJ Jjtulf O^jLuuij 
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3jSjaJl (IQ) 


^SUuJIj jrfjjaAl o5UUj)l jjb*+S (A, E) ^#aj j+hi ( \) Jj<u? 


1 - Unimolecular reaction 

E 

KJ / mole 

A 

S° 

1 - CjHjCl — > C 2 H 4 + HC1 

254.4 


2 - CjHjBr ► C 2 K 4 + HBr 

218.8 

1 1 

3 - CH 3 CCX)C 2 H 5 ► QH, + CH 3 COOH 

200.0 

■ 

4 - QH^ChhCOOH ► ^(NChls + COj 

96.2 


2 - Bimolecular reaction 

E 

KJ / mole 

A 

Lit mol 1 s'* 

1-2 HI >H 2 + I 2 

186.2 

1.6 x 10 n 

2-2N0 2 ► 2NO + 03 

112.5 

9.4 x 10 9 

3 - CH 3 COOC 2 H 5 ► CHjCOO + CjHjOH 

6.5 

7.9 x 10 5 

4 - CHjI + (C^HjJjN ► CHjNCCjHjJjI 

40.6 



J.« ^jiUu JjaI oulSJI i»J ±>-j : Jli» 

jj* ’" 10“ 5 x 56 >-, L > <-•,> 293 .xi* *'VU M -5 x 47.5 <*illl j 

.J^Lull |j^J iry-Vull iStb >-.'■ ■ » > -l . 313 

U3I 

in the presnt case 

At Ti = 293 K ; kj = 47.5 x 15" 5 s" 1 
Tj = 313 K ; k 2 = 576 x 10 -5 s -1 

: Jl gxu > > iLi 

= S76xl0~ s = E f 313-293 ^ 

° 8 47.5 xlO -5 2.303x8.314 1^313x293 J 

or E = 95150 J mole -1 

= 95.15 KJ mole -1 
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(IQ) 


The activation energy Ju£u2JI 5il£> 

ykwJI 1 p jk.n.~ ydl oli^xJI JXX L^JU Jxlilll 4^j yjjfc i_S yu 

4,, >111 yj JxUiJI j I Xu >11 oL» J-cJI JXC yL> >*ll y*S , Jxlilll f XAj> yi (JjJ 

• (Irt** (iMj lit "lx® plk) (J^ olS^jxJI yrfJ 4jS>JI 

j 4-L>lxJI oUyj-fJl J XX jjl xju ijjj.n'Ktll pjLcuJI oli^jjx JJX yl Xx j 1*5 

J *j — ljuJLil J| Jjxill lx* (JjUj . Oj-ix pi y]| XiUxLcu yj jj!Su yj 5 lj JxlijJI 

( y'Jlj .JxLiUI y— £■ <11 J* I ..ill jJ ollyyxjf y^J pjLeull yj kij 4 kjxU 4 , 1*5 y 1 

y_c Jy. .11 .kj— uJI jjlxJI y-uu yj (activation state) iLhill UUJI y^-eu J_xxi 

ji—3 'i 4lclijil jljll ollyx yl jJ-ouLil IXfJ Ijuki . yjxlill! pk.nl ,JxUl)l 

SJjX-jll iilklf 4 jx 5J iilkjl yJ 4^*5 JjLej Xu 'll plkill j 4 jkjU jl yt >vnll 5 yiLu 
oli^xJI CjjSj LiXXj t "kj .. Vill i Silk,” «_i yu iiLall 4^*511 oxa . L»L<i vxli^jxJI j 
.(7) JSLiHu ii!>Ull ox* -£±J>y o$~hj kutbUl (3yxJ L jU»j iilkJI olfJ ililx- 



REACTION COORDINATE — «— 

Fig. (7) Variation of potential energy of reaetant moleculei as they undergo 
chemical rhanm 

(C) 5JxUlll jly_JJ 4-ilk}| Jx-W J—jUj (A) Xxl (7) JS-iJI y* kuv^L* yt 1*5 
j-kkSl 4jxU*il jlyxU 4_*j}UI oUail yJ 4 jx 5 >jl Ji*j (B) <• 4x*jUJl jljll Jx*j 
oL^^kJI yLi ljufjj . 4 k . xll y>3 4, Skil l 0X» J (B) otjujxJlj . JxliSU 4 jl », «l l 
'll (C) ^iLill y k»~ 1 (A) Jlj-ll yli IxJ . JxUxJf >}XX Jjtf 4 k ill y>3 y I UU > o 
j oljyjjfJI yi ^$1 (A ► B > C) jLxll XX b ^i . (B) iiklll >X yjyll X*J 
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ioSjaJ ( 10 ) 

1 _ A jt ilj iilt (C) 4ibuil (jlj (El) iilb i_i.lhT> (4ifeUill jljll) 4ibull 

. I—JUJ y l) I jic Oollil jl^Ilj 4lcUll! hj.t.u.ll lailb life (E) , E2) (E2) 


reactants 


products + Q J mole" 


j[j -aII hj.il yj I <5 lb (jj Jj^l 4lfeli.*H jljjil bj.tirll illb jl Ji»!>ut (jjj 

JjLb <LJl*JI 0 j_fb j <5lbiJ «Ll,.n>.tl[ , iLeOuil 4ifeliiil 

i _5 1 4Jl>- jic plbaJI ItjJifej . OjljjJJ (ja\a jjfelilll Cjj&i OjIj^kU 


ki (reactants) = 

products _ v 
— — K 

k, reac tan ts 


k 2 (products) 


4 < 1 Lb JytjjSi 1 JJjLmJL) liub i*-jJ £* (jljj'il viuli jjJu jJuti 

d (In k) = _AE_ 
dT rt 2 

. (k2, k]) ^ylfe (k) 4 « j4 (jfi Jijuo-'iL 
d(lnk!/k 2 )_ dflnkQ d(lnk 2 ) _Ei -E 2 


dflnkQ = 

dT RT 

d(lnk 2 ) _ _E^ 
dT RT 


+ B 


+ B 


tSjL-j (B) cwLSH jl yij . UjIm If. (29a, 29b) <jl 

, Sjj-eJI ol» ^ife I^JullS" (jiJjk'fejt jii . jual\ 


In k + constant A 

RT 
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UILj (A) ,JjaUi)( Joa* ijj3 ifoUJi il » yf •£***• 

. 44^1 J*U*j (A) <*»$% . SjjjjJI (E) 

X 8 1<5 y* NOC1 JjJ-JS' jj jJjc4ijJI Jjm C- 4 O &t£ tdj : Jll# 

3^:13 /jiJ 4.9 x 10” 4 Jxju cu^IS Ct^) ♦ 27®C jJU 5^/15 J ^*/ yi 2.6 

. JjcUoJl !o*J i*j&! J o j, lil I f <5U» 4 1 2?°C 


<|5UJ| 


i„ *2.= ^ r-1. K 
111,“ “T“ 1“T *“ “) 

k, R T 2 T 


^ , [ 300x400^, 4.9x10 

JSE ** 2.303 x 8.314 j/k.mol - — log — — 

(,400-300/ 2.6x10 

* 98.0 k,j 

. 5l,fLJI ssAajUi! />♦ . 500k 2jfj.s a** (k) w u fc>l ; (JlSia 

, og k _ « firlt'l 

® f_ 1% 1 *Tt Nt 1 


R TiT, 


= 9B.0xl0 3 j/mol „ (500- 400) K 

2.303x8.31 j/kjDool 400 x 500K 2 


log ZZ m 2.51 


=1 =* 3.7 x 10 2 

k. 


Kj = 3.7 x 10 2 x 4.9 x 10"* * 0.8 n»rV 
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<uS *U>j 3J! 4jju.») 


fU*^iS (io) 


cjIjLlkJi i_j \jfi — 1 

. <pj\ 3JjL»II — i_j Jj:LiuU icj-JI ouU — I 

oL-oji . JLjuu >ili>L>J 3 juj oHJ on ("jjiM <-ij£ — 2 

, J^LijJI iaJj ■ <Lttl!l jac 

. JiUjJl i-uj jl*<j'il i»l$JI jjlaJ! i_jLajl — 3 

(JjL-o |>J_C £_oj (_5jl_ <j 1.1 M > ijj Lujll (jiljj < l }^i!~ i l }ij < > ]l j j . to . tM jj-ll - 4 

. JcliUI j iii-ljJI jljll 

ijj'Jl (jijjjjAjI iJjluj jl.ll — 5 

k = Ae _E/ RT 

. J*UlJI Ja*j ( jlc 5 jIj>JI jjjb jt'Jl jj! Ij| jt_ j!Lij LllS — 6 
JJjLJI p_J . 33*111 pLjSb LljM ^ JeUlI <AhUj5JI 3JjU 1I tJj* - 7 

. (ki/iljljtll tv.i'S) Ifj a>iy sill j ^jic JJlaJI 
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CSUVl JSaJ-.tf.|jiflj 0 aU^Vl(ll) 1 

sun Jiti - « l$illj goUaifl 

Acids and Bases - Salt hydrolysis 

jyjjjJl it ji ij - U .1923 ^J— o i -oJj^ <-j ^15 Ji-J »L« 

lj_$J LSjLj . J j_j 1» J5-io J^JUuJI jji jljj'il j A~ t iT> j*' «_■ (_$ jJf y> 

lj-» . J_jl>uJf (H*) ® J dl o* 4 ^! <j1 

^ ■ -j L*j (solvated) c-i^llt £_« oL!i^> m jl ,x»!j dsj^ £« jySu; i-vb UjIj 
.(H 3 O ) jyjl> •— .irfSllI JJl**JI ^ l*£ .(jliUj^aJlj 

H-O + IT ► H-O.IT or H 3 0 + 

A A . . „ 

hydroniiunion (»Uii) 

5 — jj^jSh oydl ji jj$j j y-lji ,Jo^i uyjjjjJI ‘ JrfJLxjJl jj JSLUt II* Jl« ^ 

.U no-l l fji^J 

ili...,»>' <, 4 ,al k » 4 i.n i 1 — ^ >j« Jy*_) j^ Jj'i A.*i> t_ >A«.* li 4j.A«.*,ll 4 juo 1) 4 j.n.Vlbj 

uA.. » * ti_»L*JI HNO 3 u_iL*Jl H 2 SO 4 u_iL*JI HC1 J_l» ( _>AL*j*'il jl 
^JL* jl «•!_)_**• JI *Lijjll jLrf ijjj *,! i-»l*JI HCIO 4 vil^jyliJ^jJI 

illl) J_y*j 4j»Afc * J I 4jueJI jfc m j (-> Ai *J I jl li*j 1 jjlail £-1 JfUjj 

: 4*3*11 5Ji.*il ^ y> US’ .(>U. 

hci + h 2 o *=* h 3 o + + cr 

H 2 SO 4 + h 2 o ^ h 3 o + + hso 4 ‘ 

HCIO 4 + H 2 0 *=* H 3 0 + + CKV 

hno 3 + H 2 0 H 3 0 + + N0 3 ' 

£*-*>■ -Oj-jjJt 0 i c£*i <y>> lii T JI La*i li*j 

(NH 4 ) jj_*i “4^* ill* *5(1 ^ U£ J 4 * 4jj_J~o ^ (>a*»JI ji 

. j^lli HSO 4 (oLy^ JiljjJ )) oljyjxSjjJ^fll 

NH4 + + HjO > H 3 0 + + NH 3 

HS0 4 ' + H 2 0 > H 3 0 + + S0 4 " 
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— 1 cSUfr Jii3- JfetjUj JeU>ti\ (11) 

JjUlJ U) jjA :SjpUL)I 

JjJaaII jJ £)j—i\ ^yJaAJ ^jjJI OjUl Ij* SielSU (Ji jUll I v_Ajjj«l]|j 

<31 t_i y> <j”^lj .(jilil Jau-jJI <jj jJjlil (j 4 »jjJ^I yyb J»j3j5 

i—yjll Cjl!u^> (jj ( _ > ^J (jl ^ >j . * ». t till i— l3l>o oUeill (jiuy X»_y 

( j_9 .(sodamide) (NaNH 2 ) j>j-j l ju^jI l_>j j,; UjJLc t<^«LpUJl ajLcJ) > . i, 

1 j_a A, jki'il . (jj-il (j— • ^fj_J (NH 2 ) (j_yi <L-<l_yj ,JjLdl jjLioJI 

(j_y I jl isy> (j& OjLitf Sj^Lilf <ji li*j JjAi J ^6 (jl I_x»y SJ^iill 

OJJll — *4J} <_jlu <ls-»^y BicliJI SJm if&uj l( j.i»i> J}L>u (jj j.jli tjyjy <J^V 

.J^LkJI ,y 

' pj — '"jjll c^y^J_yaJt -V _) f_J— 1 1 S.Xct-21) jj ..nlll I \ ,4 I Liubj 

0>{i ^ SiftUJIj .^ui jAj iiyJJ! Jt 3^4^ <*»»l-*3 j|^» *ij L. j^yJIUI 

<JI ”ij Cl + HaO + ^ H2O + HC 1 SjlpIj j^ji£H ijy] (jl l*£ ..ij.^^j^JI 

i)j-i\ uy^ji »L_1I £» J»jJ y_) <JU wJjtisi <1>4— (jyj^jJI ^1 4<^JyeliUI i _i L i«.r> 

CO3 s CH3COO 4NH2 SosLi£ aJjliI J_>_y l*£ . 

.NH3 1 * 3^1 


+ O' 

I 

H 

ammonia accepting a proton from water to produce NH/ + OH” 


CO 3 2 " + H 3 0 + 

nh 2 _ +h 3 o + 
nh 3 + h 3 o + 

H-N-H+H-0 


H 


H 


HCO 3 ' + H 2 0 
NH 3 + h 2 o 

NH4 + + H 2 0 
H 

I 

H-N-H 4 

I 

H 
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^5L*V< JlaJ _ JfrtjUj (jdUAft (11) 

Acid Base Relationship ojpUJI jjj <35UJI 

(jiJI) jli 4j| Cjyjji oA±*JI ja*^ LjjJlc 

yt—i IjLfJj -oyjy jl j->l Jjit tsillj y> l* 

,(i>i Ijt Sj^li i/lS 

i.e. Acid *' Base + IT proton 
Base + H" ~ Acid 


bj^L-aJI (.5 1 La^JU (jl u*»y t j y** <3! Jx>^U Sj-eliHj (j> A»a%ll jj Iaa ,Jxi 

BAtfli j£ Ojlxt oljJuJI j_j^l kill j Jilt t j>-}U jjJAAJ "ij y> l* ji 

.NH 3 jjL-SoJI bjlcUJ jjliu c>aa> j* SjLt (NK,*) d^sUl ooa> J 

J_jL>uJI ^ L»5 

HCl + H 2 0^= i H 3 0 + +C1* 


jj 2 u £>* OjljLt H 3 O (_)Aa>JJ Sicli Cl ( jj£y li* iljUll al» ^ 
bj^LaJI £_• (_>A »>JI l*jui£ ol <uUJI 5a^Z>J| ^ il^LJI la* ,(H 2 0) Sac III) 

(jAokll SjjiLi bjlcIaJIj BjLftUQJ jjxit (_>A*-v ^jUJ! jj£^ 

Acid + Base ^ ~ Acid + Base 
(I) fl) (II) (II) 


Acid (II) i Acid (I) c>a«j>JJ SJjSL. Sa*IS Base (II) ji dJli 

Base (I) bjlpIaU (j^wLi j^i > 
: diiol 


HN0 3 + H 2 0 

h 2 so 4 + h 2 o 

NH4 + + h 2 o 
HCN + H 2 0 


H 3 Cf + NO 3 ' 
H 3 0 + + HS0 4 ‘ 
H 3 0 + + NH 3 
H 3 0 + + CN‘ 


Lj,u J jL»kJI ^ j^ijjl ijjiil ii ijO l. A BJlcIS (ji Jsl*-}U 

j,»Li3l ji j^LsJI k_i |I«.A <LJ! Lu£ Biclj ^ ja« u > i Jji.Al l I 

>( ysJI uiju j/uJl J^uo ji (feeblylionised) 

^ k«,i ji 4 t£«,i tiJjLJI J,L»j y' L * d j 4_yjll jP SjUft Ujap *1113 

iOyjy j i ciyjLrt 
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C 3UVl JldS- Jfttjil j (11) 

h 2 o + hci *=* h 3 o + + cr 

: ■Ljj'il UjUIL i .0 l_n»* -j ijuUUI Sj^IaJI old 

H 2 0 + H 2 0 H 3 0 + + OFT 

acid (1) base (1) acid (2) base (2) 

H-0 + H-0 *=* H - 0 - H + + O" 

II II 

H H H H 

|j-dj (amphiphrotic soivat) l>lj ^Lu y.; j« <JL y> l»Sj 

jL; L (Protophilic) ■Olj ,Jj 13 ji q ,jU IjJ ,^1*^ 

wLJj JlluS JiLJIj ((protogenic) i -ij*i *jli t>yiji jl j£ii 

oLjjIII L«i (protogenic) ^yust l*iu (protophilic) v.111 jZ * u 

.(aprotic) (jyj jZ&j jl y .<mS 3 M ^ jmy old dll«~ ^111 

Cady and Elsey’s more general deflnation jLulIj jjISJ fl*)l (JujdjJI 
-0y2jj>-JI v . . ». •j 'vfv llj jiLiJI Villi (1928) ijjl^ v j3 

(j^ul jjixuj vilH JdliSJI <Lu-l_^> jl lifvi'ij OjIpLu ^111 yllil ;jLlll 

y-j lll £_» J^LijJI jl Ojqlxj (jill villi J* OJlpUIIj (Villi 0 jXMJ 

j L i » »j t (H 3 0 ) (j^uL-UI j u » « » ,*UI v-il* 5-1 (_j— 1* .viHI ojvi ,^1**2 

JUJI j>oJ! ^ylc <41*3 (OH~) yjjjSlI 

H 2 0 + H 2 0 H 3 0 + + OH" 

acid base acid base 

t ji. t >& ■cJjU <jj£j lylli *111 ^ (H 3 0 + ) ^yill oUS^il jUILj 

,5apU 5 iltlc QjSj LfiLi till OH* ^Ja*j ^jjll ojL 5 jit ,JS jij 

NH 3 + NH 3 NH 4 + + NH 2 " 

acid base acid base 

y-d (NH 2 ) ^ yJxoj ^jJI 1 . t ' l i . 1 <-oo—l>S JdUll y> (NH 4 ) tSUI I1J 

^lj Jl*(non-protonic) oyjy t _jl® <iyi>q ji*JI oL^lH <)L> ,oj^L5 ^J^LJI 

.(N 2 0 4 ) Jjjill I jy-Sl 


- 390 - 




C^UVi Jk3_ 

N 2 O 4 + N 2 0 4 *=* 2N0 + + 2 NO 3 ' 
acid base acid base 

oUSjilj oicliJI u* NO 3 ^yjJI NaN 03 Jli oL^jIli ljj> ^Lcj 

(Jja 3 NO ^ylll N0C1 

The Lewis Concept (1939) 1939 jl 

oLj 5 jll (jl i_y n..u (G.N. Lewis) 1939 ^i_ 2 i! 1 *jjj 

aj a<Llt oL_j^jll (jl ^ ..'«i; t oU^^I (j_j (jj_>-jJ ■> at.7 jl (ji (j_SL»j 

(4_,ibLe) ol_»ji_jl£J)il (j— • a2ij ^yjJI jl^ll pf t(_ya*>JI (jj£j (ji (j^L*^ jll 

<si wUjSj . Jl_jl!l ^ylc (^oJjJ Sj^lij (^at>u jA li»j .OJbClSJU L 4 JL 1 

._cJK» (ii “Nucleophile” SjjiUJI L^u “electrophile” jie. p^i. 

,"st_yj| t jjjji! jU 

:y«^l JulP SacliJIj (^ojlsJI p_yfii JljJI Jlill ^ 
(OH - ) u>|ij (H*) yWJD-^* uyi - i 

f --Vj> © ©o 

ft + :o: h~ — > h : o : h 


(jjj>J! JftS ,j # JaU; -ii 


F 

H 

F 

H 

e 0 

F: IB + 

^X © 

:n; h - 

© X 

— > f ;b 

© X 

n;h 

0 0 

© X 

© X 

« X 

F 

H 

F 

H 

£jj2£J jf U*M 

acid 

base 

*UI £* (j*»>Jjj/il UJi 

— > h : 0 : h* 

It 

£ 

1 

+ 

1 

^?o: H - 



0 © 

H 

H 


acid 

base 
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: j^lj Oju^ 1 -iv 



F 


Acid base 


(BF 4 ) 


^.i £*>^**1 j^i-tLjjl -v 



tflxll j-t> it jij nJJ_ll £wl_) ^fill I JJk (jli dJj jj 

. «- lj t| i^l l jjkx* jj J— <aiSjl_j 


The Usanovich concept : < j>upy\jj\ pyti* 

ji oUyji ^ oU_^Jl5 | jlauu] Ojjli SjIj iji y> ; pyAli IXfJ LixL 

(j_J,ul5 i jj,ul£ jjS^ 'iUj but IjJ .^Li Bjyftli £» JjIjCu ji oUjjxSJJ 

. 4i.A d>L> jx jl i^Jkiw 

£_I JjLuJ jf oUj^jlSJI £4 LulpjJ oLjjjxSJ] jl olj^l i^ftuu Bjli ^5 i BAcliJIj 

( jt x 0j yiu U> 

BAClj — (_yix>JI JaUj jj wJJj Jlx4 

SO3 + Na 2 0 > Na 2 S04 

t — X~ J^ (SO3) LfJuS y 1 t ' s i! ‘( 0 )^ j*»J— 4^11 dj-i'i (_ytb-C Na 2 0 1-jSJILi 

JaUu jj .BJbCLSJI _jA ^Oj-aJI ««Slj t (jn «>ill (jli »jj j^^-SSb 

Jjix joJillj jjji-SJl ■‘-“it fj-^Jy-aJI a- XM u Li .Cl 2 + 2 Na » 2 NaCl 

.^yjyail j J uu jA BjlxC BJaLlIIj y> j^ISJI ji Jl»o IjJ ((uuuS^) jjjxfJ^I 


Salt hydrolysis : pit t JJbO 

((OFF) JjL-JI j jjd l jj jS 4 cJy_jSj l jj JjLnxj I *I_II jl loll jx 
^UauJl I 3 j» Ji* j ^«3 djJ. > . , !,■. txfx4 Jb>lj li»ji yi , 4 .< W £4 jjl* LiUj (H3O ) 
sykLJaJI fijA JiL> £)UJl j^Axil I j> .(JJaII jt jfl>> Ja~<jD LJ JJ^ 
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JfttjUj (>U»Vt ( 11 ) 

C* ^>U *jL .^L jJLII <Jtyu )jj salt hydrolysis ^Jil JUoo 

j! tjj> t >• k-*j l_i] knjl jil) *UI £. > JjUSj) LjJlC ^Ll) (jjjjSf jl ci# 3 ^ 

: uu^i 4Jli II li* 

;4Ju<u a SJ^llj \S$ t>A4> (j# 4 j»JU — 1 

iSj-j oo— il>JI (jl J >o .(^L>a)l tsil^J^Ju>Jl jyjjiS 

LtJyj (OilJjjjjjJI (j _J jj_p »LkcJ Jl J_ jjy (_5jill (_>oj^>JIj t 4<|in.A ij^iill <jj^L5j 
J^_»j »L -ill (j^>Sl (jljj^l ^jU (j_jSyj " « j L i*.r>" ^jLUl s-> LmS I Jl (Jjjj ZjjSZlI 0J^li!l 

.3 j . <= >» > ■ JyJL*u ^jIxaj li$J »j> Ji« ■<&•£■; (KC) (j_jy1 
(HC1) (_5_j_ 5 (j^tniiaJ Sjili* 4yj£ (jj jj£y cS-kH J^j^iS jdUJ 

Jl »LS (j^Ljy ■ «j ^Jil jlj tLil l _ y -i3 (NH 4 OH) 

:(NH 4 + and Cl") 

NH 4 CI ^ NH/ + CI' 

(j^julSJI (j yil! (_yo*>JI Ix yj HC1 ( - >A«.*»n Cl 4jj2uiil oj^lSJI jUj 

; l yk .»jJ till £» (j^LcUjy (j^j^Vl (jli iyji NH 4 OH < 2 j* . n1 l ojupLSJL) NH 4 

NH 4 + + H 2 0 *=* nh 3 + h 3 o + 

Cl' + H 2 0 *=* HC1 + OH* 


(jjjj^xJlj s ! l5_j-5 (NH 4 ) (j_yjl_£JI j^jJLil (_> A . *>J I (jl k — >Mj IjJ 

I (jj-^i Oj-^ <-*L£ JJ-aj it-lb ■k—.jJI Jl (J-Sliy wljlill 

> — 1 — aSU <J oi j i.A. A ll (Jyll (jj _y»lk li*j . (jj/il <j ^3211 ojpUJI (jij ,(H 3 0 ) 

(j_yi Jjj>y <*y.A«.>JI 4jLoJI i -uxoSy k_ij— ■ J_^L»mJI jli Jlllbj . (J Jj (ji Ju£ 

.(1) J*U3)I j* ^&L*ll 


Hydrolysis constant : JJbOJI ouLS 

: i)jLlL> 4- lj . * ,«. ~ jSky Ley I ^ yxjyt'Jl Ji>oJI 

NH 4 * + 2H 2 0 «=* NH 4 OH + H 3 0 + 
or simply NFLf + H 2 0 *=* NH 4 OH + H + 

[H ][NH 4 OH] = Rh (H2() being constant) _! 

[NH 4 ] 
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C KUVl JIaJ_ JftSjUj (jiUkVl (11) 


(AB) ^lil JJL>uJ ^UJI JiiJI Ji>oJI ouUj (Kh) 

Kh= [H + ][BOH] _ 2 

[B + ] 

Jj»j j^li! iXLJ! iljlxil LfJLi-jj i— i ^jUl.v.ll i jj'il 


K a [H + ] x a [BOH] 
a [B + ] 


aixsji 

-3 


0 I (,5! (f) x^l?Lia3l (c) Lj (jA 5 jLl£ (a) <^LLxJI (jl L^ 

a H + x a BOH f H + x f BOH 
Kh — : ■ ~ — : -4 


a B + 


f B + 


DJj^yj J fjjQH t fj->- * 1^0 4_u^j^l 0j2JI (jl Xi^>- 4iiiJI J^lj.ftll 4 juXJLj 

: Jl J-ojj Jjl>J t_ (4) JJjUIl fH+/f B + xju^iII LojI tiUjSj 


k h = 


C H+x c BOH 

C B + 


, 4ii»JI Ja!l»v*JI jj.iti* (5) jJjUlIj 


Relation between Kh, Kw and K (Kh, Kw and Kg) on 

^ (jjjljjl ±>-y> <Jli t,Jl>ull jAliil! (jlj3*il 5JL*’ XX Jx>^U yl i_u»iyi (jj 

. Laj Jj 1 ><jJI 

NH 4 OH *=* NRf + OR-, H 2 0 H + + OH" 

Kb = dj'il (jl* *isSi\ J*3 Oy^ 

(NH 4 OH) J ^ y * 

yj’uJI jb 15 L» (Kw) j (Kb) <ji Ah*- (OH”) (FT) = Kw 

: ^1 a (J -floJ JjSl ijl* <!jLJI .Jl_jj)l «-Ulj SjaIaI) 

K w _ (H + )x(QH~) (NH 4 OH) _ (H + )(NH 4 OH) 

K b ~ (NH 4 ) (OH~) (NHj) 

K, 


= K H 


or 


K 


= K h 


B 
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Z'Ufl Jiaj- (jiUkVl ( 11 ) 

yli I j-<Jj Bj^LaU Kb cx>U Lj— j4*^i ^JLU (Kh) JJl>u)I ouli IjJ 

. ^ 1 « 11 cjl>Lj I l$J <ta x u».^JI ejftiJI 


JJl>uJI SjvjJj jJbOJI OuU ijju SiiUJI 
Relation between hydrolysis constant and degree of hydrolysis 

j~£ 3b (jjWJ yi ySLl^J <Jl»u!l <£•**! y5uj il&jdl <>-jJ 

(j_» j >lj I^jAu fjijiij .(h) jjjb j-» jjj <JL>- JI oie y-lti! 

(jl .> »ii <JL> jJui) .dL&JI <_>j j l jjk (h) i jj . J (V) >ll5utej 

| 

j_>JI (_>A.a>JJ iL-UJI — ji ( — ) o*JI r Ull <li£Jl i ( ) 

' v v 

: <li£JI JaJ (jjjlj (jli tijulJ »l*D 4.k.i»ll <lj£JI Ul 


(-)*(-) 

K>-( Y . , Y ) = 
(LJl) 


0-h)v 


= K h 


(jj3l_2Jlj 5 j_>jU <yL— UjLipl cAh (l~h) Ijj»- oySuo (h) yi y h&^ j 

: JI Jjia-i 

Kh x V = h 2 or h = i/K h xV 

jJ^Lj . iJLjOall ( jA^JyjJI J \ >11 £_Jj J £ 4 LjlJyL l_J~«ljuU Ji>aJI i>yj yl (jl 

- : Jit. Kh = JJjUII 

k B 


h= M_ & 


K 


B 



(C) 
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1 gsuto jta.jrijUj jaL^n (id 

(jjjl jjSjj uL> 

Calculation of hydrogen ion concentration 

:<ji tsi ( — ) y> *3L»Ji uV j£y 

v 

H+=- =hc = H + 


(5) UjL«il (jj (h) 4 _ilj5 J|jjuL<Ij 


H + - — 


1 K^V 



K W C 


-log H + = -V4 log K w - Vt log C + Vt log K B 
pfC = Vi pK w - Vt pK b + Vt log C 
= 1 - X A pK B + Vi log C 

(jjjUf (_>A »>JJ ^Jll -(7) 6-* <J*I pH (ji <JL»JI a jla i 

Ai j .n. Al l DJpliJIj 

(j-* J_j-j 0.15 o^x-SjJ JjJL>oJ ^Sl >i : Jlia 

.10 X 1 .8 Ojuli (jb Lie . 
pH + = Vi pKb + Vi pK w + Vi log C 
log C = log (0.15) = -0.8239, pK w = log K w = 14 
pK B = - log K b = - log (1.8 x 10’ 5 ) = 4.757 
pH = 7 -2.3785 + 0.41 19 = 5.0334 


L^aJI SjpIaJIj 4o«a&>JI l*J 

Salts of weak acids and strong base 

<j_* y (j_fr i_»oU ..../ ojl»- i kill) y>j$ 

Jlilbj <j j$ 5jlcUj uj&tj k-iijx-A {jot> JI (ji SjpISj oajl> 

Lf) L^iUI i_j jjill SjpLaJI t tUI ?-t ^icliju oyxy *— J^-» <3 yb 

t»UI (JjbJ! (j^*^l Jsuyj li* ,*UI (jj JJP 4_>LaS^ SjjiJI 

jUdbj . J_j_L»v«Jl ^ (OH") (j^*J ejl^j JI (Jjji AiljJl 4t i u i > 

S_>Jli (jj 5~i l i (jjJI Jli*5 xuL^i jjuLel .((JjpIS) Jsu*jJI 
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Ua <_a jjcJJI t (NaOH) BoaUj (HCN) ^)A« >■ tjj 

:y> oljj'ilj 

H 2 0 + H 2 0 *=* H 3 0 + + OFT -1 

CN' + H 3 0 + *=* HCN + H 2 0 -2 

^ 9 jyjyJi O - JH . il J_jll (J_j 5 (CN) Ajjjfill 6 Aftli)l Ijj 

(H 3 0 ) £»_ jjI (> bIaO^I ^ >il (1) aJjLaII 

»Uj Jl (Jjji tjJ ( 2 ) Ajjlul) IajJs (CN ) (H 3 0 ) (jjjl jkJ ,(OH") 


J^LiiJI Jj 


c*— ' 


CN' + H 2 0 


J! J_ 5 -^»jJ! 


L> a^JI^U o^lcli! (OH*) 
JL>JI Jjj*i l^jL-u 


HCN + OH* 

• I A* aJLoSJI (jjJIaJ liisj 


(CN)-(H 2 0 ) 


Kh _ (HCNXOH-) 


3 iU (H 2 0 ) (ji 




(CN)' 


Relation between Kh, K w and K A : K H , K w and K A cm iSiUJI 
: y> oijn-Ali <iy}\ SjiliD (BA) Jl>u) j»L*J I 

B + + A* + H 2 0 *=* B + + OH" + HA 


A' + H 2 0 


B + OH" + HA 
Off + HA 


— : ilzSJI Jai <jjjl3 j j. Uxu j 


(A-)(H 2 0 ) 


= K h 


»UI j&y wiLu 


(A) 


-=K h 


(HA) yitoJJ yjliJI CojIj (jJJ 
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HA *=* H 4 + A* 

(H + )(A“) 

~aST _KA - 

_^A »l*U J~el>J! (jl 1*5 
(H 4 ) (OH*) = K w 

• (J* (3) (2) 

K w _ (H 4 )(0 H~)x(HA) _ (OH~)x(HA) . 

K a (H + )(A) (A) 

(Ka) >‘.Ki.~ll cjjLjJ i_uvUuj ^1*11 (Kh) (J1>0L)I ouli jli 

: Ji>a}! i> jJ j jl>aJI OuLj 0ju 

Relation between hydrolysis constant and degree of hydrolysis 

: (jli JJL*oJI (h) tjll (V) ^ji v-iljll ^Lll Jy* o>-lj jl>I oojij 

(HA)(OH) h/Vxh/V h 2 
Kh — = — 7771 — = 


!t) 0 - h ) v 


)Li lj-> (h) 


K h = — or h=VK^V 


luLJI (5) j*ij iljUll (>j 


h = 


K„,V K, 


K* C 


, ^Ul ^5ljuu*il (C) JL u . * - 

: jjJjV! (jjjl ja 5 jj uL> 

Calculation of hydrogen ion concentration 

4_^i*>JI i_< _m.A jJi (_j5UI J^L><jJI ^ji (j_^<l jj$j> 

: t _ y j'iLS' Uiki .i^aeUJl (3_ji 


(H 4 ) = 

(OH*) 


and (OH*) = 
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i>-L> 

- log (H + ) = - Vi log K w - Vi log K a + V2 log C 

pH = 7 + */z pK A + ‘/z log C 

(jLi Jljlbj .7 <j! >— pH (jl (jAjjJ 3JUJI oj a 

Jj U iJ I oj£-i Bj^IaII £Jt ^Jil (ja t_jbjt«eJl 

yb Lie cj^L> (jA pH <u as k_j— c*-! : JIjw 
K w = lxlO' 14 , K a = 1.75 x 10 5 , K b = 1.8x 10' 5 

iiiLJI iJjloIl jjjJaju 

pH = 7 + Vi pK A + Vi log C 
pH = 7 + 2.3785-2.2722 = 7.1063 
pK B = C = - log (OH) 

: uaa>JIj <jjpl£jl 4Ju* & JJL>j 

(_>« » -» > «)lj SjlcLaJI ij—a S f ol> 4 ?y^y * ^ I 

J^lbkvJI JJlXoII j£ * i li^Jj t <j5L»J »lif £A dlfiljjj ijjj SjjjSlI 

^Leliij Lfcfji jlj j!>U jamu a ^uLJ I Aiikll (JjJb^jJlj 

J y ■ ■ k*! I oli jj£\ JSLij (JaUj (jt _j3j . JjLou jli j-xJJI o^i 

.(JJlpUU 4ju-ii!b l^jL-au ( j^aj L> (j yjUf t 

\y> JJL*oJI (jli 3JI*. l jis 

NH4 + + H 2 0 *=* H 3 0 + + NH 3 -1 

CH 3 C00' + H 2 0 *=* CH 3 COOH + OH- -2 

ijyiil oAfrUJlj 4A j .it. a ! I ojuftLsi! (jjjill ^yyplSiJl yiuL>Ji jf 1*5" 

jlj-j'ilj jO_«JI <j*Ju (jlj j yjjicl — ill I j .SyJI Ua^ » 
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j- 'wi tj-t JjUi* i— <j Jl If! oji lifJj y *UU 

. ^ ^JLII 

Hydrolysis constant Ji>aJI cutt 

: <lfuj ^y£y>H\ o!>L>- Jl»o 

NH 4 + + CHsCOO’ + H 2 0 CH 3 COOH + NH 4 OH 

li» Jjifi <la£JI (jjjii j^jJxbj 
(CH 3 COOH)(NH 4 OH) k 

(NH 4 ) + (CH 3 COO)~ h 

Kh, Kw, Ka and Kb && 

Relation between Kh, Kw, K a and Kb 

: ^ ol^JI J£J ^1 ofjrtl 


CH 3 COOH 

ch 3 coo- + hT 


NH 40 H 

NH 4 ' + OH* 


h 2 o *=* 

HO' + H" 

-1 


a!o£JI Jj* 3 yjjlS JaJx'oj 

(CH 3 COO)~(H) 

+ 

- =K a 

-2 

(CH 3 COOH) 

(NH 4 ) + (0H-) 

= Kb 

-3 

(NH 4 OH) 

(H*) (Off) 

- Kw 

-4 


3 ^ylcj 2 ^ 4 !u-» 2 j 

K w _ (H + )(0H~)(CH 3 C00H)(NH 4 0H) = Kh 
K a .K b " (CH 3 COO~)(H + )(NH^)(OH-) h 

— yi — = K h 
K a K b 

(h) < > jjJ (V) { j^ ^ _ 1 4. 1 . 1 J^# ^\j>- x>lj L^Jjx* Lutfji ^li 

: 3 JU*JI oi» ^yj .JL*aJI o-jj 
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Kh = (CH 3 COOH)(NH 4 OH) _ h/Vxh/V h 2 
H (CH 3 COO~)(NH}) (lljLvkj^ (1 - h) 2 

v v A v ; 

oA>-ji! UjLle! (1-h) yli 5j^w » (h) j\ >— 


K h = h 2 /. h=VK^ = . 


k a k b 


(jjjl jj5 jj ^l> 

Calculation of hydrogen ion concentration 

li» yj yj/ ujL*> 

CH 3 COOH CH 3 COO' + H + 

. = (CH 3 COO)~(H*) . H+=K ch 3 cooh 

A ch 3 cooh a ch 3 coo- 


: ( 4 ) iljUil (h) <*43 JIojuLiLj .(H* — Ka-H) yli (h) JUaUj 


H" = K a 


KwK, 


k a .k b 


- log H + = - '/Jog K w - ‘/Jog K a + ‘/Jog K B 

J-SL>o Ibli pKa = pK B yl yi 

- log HT = - log Kw 

pH = >/ 2 pK w = 7 

. 4^1h£ JjUi* oia ^ 
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Salt of strong acid and base : ‘LopI£ 3I <uy 4jy 

Ua vlS" (jna.>.!l Jjjjill ojbCliJIj ojyctJil jjjill (jj <U 1>J I ojj* 

^ byyy. ji Ciyiy Lfi* J** M (j-*! j 
( 2 H 2 O ^ H 3 O + OH) *UJ ijjjt'Jl (jlj *01 *jjJ cv|j Jclij «i)ll» 

oljjLj i f_y — * byJ I -l—ijjJ-S ^jU'il OJJt .Jy>-yi yi£- 

. <Ujl«v!Ij (j jSu J^vaj I 

Determination of degree of hydrolysis : Ji>o5l <L»jj & uaj 

liuLJj C «-L_aJJ J-oL*Jfj J l^tll Ijf-jJ JajjJ iijlc <l)U |>^1aII (jj 

: uL LS cjUMuJI (_>eyjJj b^-y) rOOJ <u T u«~aJI oj^lill jl ^jx.All L> A,».>JJ vLlSLtlll 


Kd x C 


(strong acid & weak base) 


f K A C 


(weak acid & strong base) 


h = J — (weak acid & weak base) 

V k a k b 

<JIj . J-JLsOd t 4 _ >jj c- > 1 . ■■«. > j_Sj^ i»_jLw Kg iKa tKw b* (JS (jl jl* 

'i «.Al I OJyClillj ■ aj.Al | (_(A» >JJ ^iil 3JL» ^ JL>0!l 4j*jJ Jfl> jlj (jl >_JL»0 
L a jj -I (j.A »|» M (1-h) 4. j^ZJIj tC V** (h) <* 4 ) SJlsJI eia ^ylc 

Ojj-oJI ejjt jic LajLX&I jS »j SjjUJI jlj jl o_u> yj 


(1-h) 2 K a .K b 

,«iuA»JI (Jxill (ji |t ■ ' ■»•. ' . v , ~ JlaOJI iSj^Wl 0 Jut (jlj IjJ 

N 

Lie . (JjLp ^ jjjlw Ji>vl5 Ojill 4 .i..i >11 >-..., >1 : Jllo 

10 * 4 tloD J~el»JI j 10 5 X 1.3 pjjJydi JluI^J d&uJI CjjO (jU 


k a c 


10' 34 x80 

1.3 xlO' 9 


=\6.15 xlO* 4 
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C 5UVl JfttjMj <>U*Vl (11) 

= 2.48 x 10' 2 


(2.48/.) ^ ^UU JUjJI 


bj±Sy J^jjJiL! Jl»aJI 4 _>jJj JUoJI CHjLj ; JIjU 

oacL-III ,>1 tall ouU 1 10" 14 = »UJ ^j^l J «L>JI yL L_*le jV-* 0.01 

tiji j^ K.1 > 4 sAclS jj>jll ^Ul Kb = 10 5 x 1 08 = 

h , | ~K~ 1 10' 14 

V k B C V 1.8 x 10' 5 x 0.01 

= 7.4 x 10* 4 



>iKi~ll oljO (jl jJ ^j^jj*'il jJJjvIJI <L>jj : jHu 

<jl j»j_LJl y_» 10 = »Lllj v 10 x 1.8 J^L»J1 ( jaa^j . 10 x 1.8 pj^jj»“Jl 

OAClSJlj jAoJI -Jil Ijjb 



180 h = 1-h ,\h=— = 5.52 x 10' 3 

181 


2- From conductivity measurements 4 SjJLsjVI oL»U5 ja -2 

4 *j^Jo -Jail JJL>u)f yj^al) 

: jjJ&j ‘Uj'i 

.(V) ^jLu 4_ iii< >■ ' uis J jl> >« ll Xv i^JL^J^I -l 

.(X») >_ <j< > ' uip Sieti jl (jji y A *>vS 5 ^JLa>}II jyjl5L* —2 

(j I jli Sadi jl yj ojl^j jj»j ^ Jj1>«a I ^ISL* -3 

^4.1 (jljJ'il ill> Jl Jj-ojJI ai* ^JUf Jjil iJLcu^U oL-lJiJI X v 

y4-aJI Jl 4Jji>^j ^UU Ji>uJI ^juj 4i jA . i > 3y> SACli jl <_>&*>■ y* 5jl^j Jj>jj Ji>o 

ii j OAClSj (Jj 3 <jJS ^jUJl dil J i > ».~ yi. 1n . l j Lyj«j 
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! (11) | 
B + + H 2 0 *=* BOH + H 3 4 * 

o-*j 4Jxii (B + ) i (H 4 ) jyJ a- 6 (Xv) irfJl— oj'jft <yl£j (jli 

3_>jj f j~» (h) ji _j_li . jjilj LfJ !j-> *j L £ x ~o (BOH) (jl Jx>-}UI 

.(1-h) 4j<i~n Xa^uUI (jlj |jJ (V) 4_>ll« ^ISd ^Ij4> jj»t JJLsOJl 

.•. Conductivity due to H 4 ions = h X« 

Conductivity due to B 4 ions = (1-X) Xv 
or Xv = (1 - h) Xv + XX« 

or h(X« - Xv) “ X v - Xy- 


x„ -x„. 


(jt 


i_»-jj j_ic j> 144 jjj-j (jJjj'llI yj JjLvjJ iaJLcu^l : tJlia 

103.6 oa>j -LJLcu'Vl l>* ® J i<3 oyi^j ^ 25 

. JL»oJI i*^5 »»<.*>■ | .383 t>A4J>J X.O yi 


Xco = 383, X v =144and X v -= 103.6 


VjUJI JjjlLuJIjj 


Xoo ~ 


144-103.6 
383 -103.6 


= 0.1445 


. 14.45 % sllSijJI i>.jj Ijj 


3- Farmer's distribution method j* jU! Xkjk -3 

^lli ol)j^4 .t>l Uji* i)l> jji JUSJI X>jJ ^uCJ ji jJkI-J ijb^kll djj > 

4. .Jij ^JI! L .«> L u <-1 LL olj JiUl o A ,a > - jl Socii 

XJL>Jt e j_f] ii-LjJj . JJLJI |j_* s— i_jjj M uj^Uj 

(j, I JtfiSl y_J ^11 LAu (jijJuJl jji >— Ij-^rl (JicliH JjJI yAuSl 

(_ji 6* £* *UI £» *“0 <_y* v.5^ ^ ua^>j 
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Oj. J oi-*i p-5 tejl-Jlj Djj • Ji>oII 6*yuJj 

tjy£jl\ ^Jill Cjjy-i f-5 ‘-*L*JI jg jo^J I o^*- jtj^L . g^jjjJI ^L,. < ^yi 
o—j oJ _jJ oL-k> ^_SL*i ^Ul ^k-Jl ojjJI .(hydrochloride formed) 
<j_yL5 gj g ^ij < l . dt'n Ojjyo oj_»j ig^jJLJIj *Ul gjljj^U . £>jyJI 

.,_JJu*a)l k_»Lk>- g5L»,j 4 _>Ls JauajJI ^yi gJi^j'il g jj iiyu gjj .^jjjjJI 

till ^yi + g^jjuJl (ji giiuj'llf = j>>ll •"• 

Oj-^O ‘jS-! /<J)-» g-*> j>J t gA*>- 

(JUall ^yiljju'ill _jA Jl»Ju jjjJI ^lil jj£ y 

„ , T , free acid x free base 

Now - Kh = 

unhydrolysed salt 


£j“ll LfjL»>- g£Lj u h tK.H 


K h = 


h 2 

(l-h)V 


liuLi '...» — .», > ! 10.1 yt *Ulj gjJ-uJI g^J <^3*5MJ i!gJ>u)! JjLxj g! Jl»-J :JIjw 

1000 0.9969 t(g^j'il J^gjiSjgJuA) ^LU ,_lL»aJI t Jl>uJI 

Jj_* ^lj_> 10 -1 * X 6.223 OkJafi g^jijJI g-l 60 kia_>j l..«J. i g *l» gj Jj 

•(OijV' ^ !W ) 00^ (>• 50 £>J gjljjliU 

0.0006223 gm mol. analine hydrochloride 
= 0.0006223 gm mole aniline 


(g^jjjJt ^Lw) g^jjuJI g» Jj 50 gj CJ^ktfi OJ A 

i r\r\r\ l. , • 0.0006223x1000 

.•. 1000 c.c benzene layer would contain = 

50 


= 0.012440 gm mol aniline 


Partition coefficient =10.1 

• °- 012446 ..- 10.1 
Aniline/water 

... 0.012446 nnn ,~~~ .... 

Aniline in water = = 0.001233 gm mol/litre 

10.1 
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jSJ/JjjIO 2 x9.969 (jliLi ^1*11 ^jilji’Jl jjSjii! yl Ljj 

jj 1 JtiX’v l ij Sj JL> J <J j_»o_/ ^ill lj» (jj lj* 

- _ _ . t_ , • 0.0006223 x 60 

60 c.c of the benzene layer contain 

50 

= 0.0007468 gm mol of aniline 
.\ Total free aniline = aniline in benzene + in water 
= 0.0007488 + 0.001233 
= 0.001979 gm mol. 

Llyt 0.01979 jy j » ll j&jjJI (jJu Lcul jJ«JI (_yaA»- 

concentration of unhydrolysed salt = initial cone. - hydro. Cone. 

= 0.09969 - 0.001979 = 0.09771 gm mol 

rr Free acid x free base 0.001223x0.001979 

Now K h = ■ — = 

unhydrolysed salt 0.09771 

= 2.48 x 10' 5 


Ijuj- 5 (h) jLa*l 5J5UJI s j» jj-L- JL>jJ) o-jj 

h 2 h 2 


(l-h)V V 
2.48x1 0' 5 = h 2 x 0.09969 


= hC 


2.48x10- 
V 0.09969 
= 0.01574 


1.574’/. <tyl I A j u^ JJ l .'. 


<Uaii 4-> jj —4 

4- From the depression of freezing point 

J J— C 5 jl 5«J Jki »3 jll oLiyjjfJf JJ* ^jlc .'«>.* 1 1 xLjj ^j3 Juluj 

(j_* I ^-jug* x^jAllaJl j >>lll * >j j yli tji>al! jt yjllJI (j* ojUJI oUyjjjJI 

. •LyJail 
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C !SUVl JlsJ _ (>UkVl (11) 


:y> ^jjlil ‘(Jj5 uA^j iijK.fi eicli ,j^Sa ^ia (BA) 


B + + H 2 0 


BOH + H 4 


Jj>lj jJ_y JjkI .(B 4 ) (jj dsjjfc ■— i. 1 . 4 ~. .< I Lais' <li lift (jjj alii jLaftL. 

plj-> J— < >(# ijuLDj (JJLaOii i>jJ iajS (h) j i >lj .(BOH) (> (FT) <ja £jjai 
(i) j-i- W Jj .(1+h) ^y-ft J. l > i *H j-*j cjLJyjjfJI jj_c jLi Jl>uJ| jjuj .^Jil ijj Jja 

jJy'i 4 ijn . AH BJ^UU 4lj.Ua jji!l CDlljijjkJI (jl LaS .^lilj (_>Aa.>JJ oil* JaLaa 

: JljJly yAliio^ll 

Observed depression _ 

Normal depression 

Ul^Jj t v_iis jjia 0 J*S> JL»jJI 4 J . U .& (j_jS5 lajlc ^Ixoj iijjkJI OOft OjX>j 

,(i) LaLaa 4llx>^a (i+h) 4_a-iJ jli 


5- From hydrogen ion method jjji -5 

LaS .l lS i ' i l I i>jJj yjSy ii^Lc jl>jj 

H + = he strong acid, weak base 

H + = — — weak acid, strong base 
he 

H = Ka x h weak acid, weak base 
4-nSljJI OjJLtl ij n- .*ljj 4lj) j aJ £>Saj Lajj l yrf4>Jj jj&j* 0^* ^uJI 

.(BjSUli OjjUil) ,4jj| p|ji*IwL> _jl (E.M.F) Sja^SJI 

. ,_yjLll Jjla^aJI j ^LalS <jjl3j ^jli yt J^ l> saJI <jl pjLJI <ja 

OjLftaaJI (jlj i pjjJj-eJI J^jiS (> 0, 1 t>y£j> JyLxa jJ Miaj 

(ja. S . a . I i . J— (^a jjSjjJI yailjj t 0.1 lAjaSja <>* ola_Jjl 

}LalS l>alaj "ij iJ L^Jyb jli . 4i_w».Ait 4.j!ulj^.tSjJ*jl < JjJl >>ali Ajmulla 

. (jiLil Jj JLftaJ I j A_J 4_J)Ia (^yft LaS CjtljjjaJI J- t ^Ll! jy^aJI j 

: l jL LaS Hllj (Jjial fjSujj 

CH 3 COOH 5=* H 3 0 + + CH 3 COO” 
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| ^!)UVt JlaJ- JfrijiSj (>UkVI (11) j 
vijuli u^i) 

K _ (H 3 0 + )(CH 3 C00-) 

(CH 3 C00H)(H 2 0) 

<Jsl>Vj) CjjIj jJUW till <jl lx^^G l-L> 4ii»<ll JJl»vJI j <J I (jx3 
j 0.001 Ljjaj H 3 O I Jj>- jj ^jjJI till jse- 

J J_C £_* ijjlillj I I •> j±-h-o J jl Ijjbj (lLI»Jf jAi> (jl^i 0.1 (JjIajJ jiUl 

: Jx^^U ^^Lej jSUI j <-J_y 55.5 j ju uO Ij ojyrjll till 

WSW= K(H 2 0)K. 

(CH 3 COOH) 

iLlZlI aJjLJIj i a«ll .iKi'ill CLulaj yMj L» Uilj (K<l) jj_plj 
CH3COOH IT + CH3C00- 

(jljj^ll CjuU u^-ij 

[H 3 0 + ][CH 3 C00-] _ Ka 

[CH 3 C00H] 

I j J j'ij-e 0.1 0j^_Sj3 .ll jl >JI (_)**_•*> (j-t Jj_L>^J (jl^j^l CUuU v.i, « .., > l ; JL 14 

. ^25° jjp 1 .34*/, ( 2 >jtjJI cjjlS^ 

CH3COOH ^ CH 3 COO‘ + H + 

1 - a a a 

(0.1-0.0134x0.1) 0.0134 x0.1 +0.0134x0.1 

MM = llls , ir * 

(0.0987) 

<ji Ijj JLJjJI jAja £>* 1 <>* j tidjjj'il >..i..» > l : Jlio 

.10 x 1.819 y* (j(yj*!ll oull 


3Jjl*ll (jj 


CH3COOH 
(1 - a)M 


CH3COO + H + 
aM aM 
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Jl»3- JfttjiSj <JaU*Vl (11) 


Ka= = 1.819 x 10" 

(a-a) 


a 2 + a (1.819 x 10' 5 )- 1.819 x 10' 3 = 0 

4jj^jjlJI iijlull 

. . b 2 -4aC 


X = -b ± 


; yl J Jfo { _yaiyui\jj 


a = 4.274x 1 0 = M 


oLi j*ij-»10 2 x 4.274 yjt oiLiJl <>* yi iii 

— ; yt .i K i l ll j^c jjSy 
CH 3 COOH = (1 - a) (1 - 4.274 x 10 ~ 3 ) = 0.9957 M 

4 , 1 — ai (ji 4_^j"il 4_Jjl<JI fr» D^iUt Uli-i (jSL*^ (Ot) 4*^1 jl jjj 

— : US' lfJU*l Ijl> 4i^*_a JL»odl 

1.819 x 10 ~ 3 = — 

(a -«) 

/. a = 4.2649 x 10" 3 M 

. Jju-. US' (a) 4 j^J UUy ( jA.ul! (jiujJI 4 ,i.u‘i jL>^] j5L*^ JLjJUj 

< J LJL>u 4 L .I_^j fry SL* JjL»u j Sjjj>j 1I jj J£ j^SJS y-«>l : JLas 

.. yi j o5L> j* 0-5 j HC1 frj jiy» 0.1 j, 

UJI 

jjjtjdl <±U£ 

CH 3 COOH *=* H+ + ch 3 coo _ 

0.1 M 0.5 M 

j^ljJI 4jl«P Jju 0,10 - 0.4 M 

jjp (0.1-y) M yM (0.4 + y) M 

Jl Jj>J3 cj!>L>JI frj 4^jLu 4*^j jl* (HC1) frj J^L * u iiUaJ jup 
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1.8 x 10~ s 

1.8 x io ~ 5 

H + 


[H + ][CH 3 COO~] 
[CH 3 COOH] 

[H + ] [0.4] 

[ 0 . 1 ] 

= 4.5 X lO^M 


JlyiJI IJ4 J£ Ji$_y jji Ijl» Bjxh*o < n L tSj I ojjbj 

. yiy* 0.1 i yij* 0.4 La 


<U£ull JJLxJI 

CuU J_jLx*JI £jJ&i <jl Jl (£j*i j (JMJ j 

( _ J jL»jjJi ! !ll t^'il ouli JjJL*j j_jxj <— »jU»ll L»Jj . 

La ^vA xj (j_i La^uoxo (jLxx^l (_>Aaj jj t 0x3 j ^jl j 4,JLs J _jALx 

i_j!j| <-_iU.c vijj xjj xI^JIj J-co^s (jl (jSLxj J^LkjJI (jl ixlxJI oj3_jJ 

(_>A_(«jJ i_j| jl 3 .xUg viijxj jl t (j 5 x>jjjL 1 >'ll y-'sll <xx3 (jj Jjjj» (jj^SJI Jl t~£1 ^jjLU 

|V. hu ll Jj_1xjJI_j i (^'jl J J. J .A. * lLiJXv,) LoJj J^LxjJI j xll^l oUjSlj 

. 0Ja 13 jl (JAAX (jj 0 Jjjuo <i*S ijLoj JjlC JJLxJI OJA Jju OjIjj <Cx1a (_ 5 jjxj 

jLl* . 4_jjLel3j jii > X (j_» l u l > ,g I Jl C Ji^y (jl* LkLkI ^ hU I J^lxjJI yj&tj 

. ( 1 ) La51Sj |»^jj_j-lxII ojjLxj > lLl xil ^jj> 

CH3COOH ^ H+ + CHjCOCT 
1.0 M ? 1.0 M 


Ka 

r 


l H+ lt CH ^ C00 ~] = 1 . 8 x 10 - 

[CH 3 COOH] 

1.8 x 10‘ 5 


PH = log H + /. pH =4.74 

aJ^JDI fjn J uj ojl_>yJ (j 5»,j i_< jn.rtll (jj^Jjji. 5jl*ll J^Lxjjl [pK.] _1 OmxjJIjj 

. u-Su iliLUl 

pK, = -log K. 
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£iiL«Vl - Jfrljiflj (11) 


yj> ty^ y t$jJlj i_j. v m.A ^.Ai> pKa — pH £)l it>^UI £yj 

. 1 M ^ c ill y£ t_y> > ^11 ySy ^yA > 

|J jJI J^-l a» »1 1 y-> j» hill J I li» 3y~*> (j*' A J 3-}~‘ Lx»J 

. J^ L» .«. 1 I j liuli I fry] y$y 

jiJ j_»lj JI HC1 £>* 0.01 oLeJ ole y/il u^>l ; JLu 

IjJ . NaOH (j_* J^j-* 0.0 LjLe| jit ( j. ’ > 1 j> J^.l^*j| ^'ill v— >L* l> Ley I i £y 
>il 1 i.l.>< J I fjM>i -illiill liuLJj (pH = 4.744) ^'i! ^JalLl J^1 »<a)I ^i pie 

,10" 5 x 1.82 


Ju>JI 


j! y kj < j 3 Li Jji>v»Jl JI (^uu ySyj HC1 ;jj 4^*5 iiLoJ jJlc j^jJI jj 

. (_>iuL>J! JI O^L»JI (jj ililij <yS J J>*i 
CH3COOH *=* H + + CH3COO" 

1.0 M 1.82 x 10" 5 + l.OOM 

aU'Sl^yl.Ol ? 0.99 M 

- [ H .: neH » coo -] = 1 . 82xKr! 

[CH3COOH] 


UAiyuibj 


(H + )x(0.99) 

1.01 

= 1.856 x 10" 5 
= 4.731 


= 1.82 x 10" 


/. IT 
pH 

pH = Changed = 4.7399-4.731 = 8.9 x 10" 3 

. Lii 0JJ*)10 3 X 8.9 jA HC1 JiLij Jjy j jj J Jtl l l |jl 

JI yn . <i >»,l I (j— * j^ijJI Oj^-i 3 [Ji-tJ-dl Jj— iSjj.UA 5iLo)J 

. c_jLall ySyM jljJuj ^yjyal\ O^L> 

CH3COOH *=* CH 3 COO" + IT 
1.0 M 1.0 M + 1.82 X 10" 

iiLo'Jl aju 0.99 M 1.01 M ? 


^-5 
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,.82x10-= MllilH!) 

0.99 

H+ = 1.78 x 10“ 5 


/. pH = 4.749 

Jl 7 jj—j i-iLel j_1a ,ji (ji 

. 1 2 t 5 1 oo>-j 11.749 


pOH = 14 -pH 
pH = 14 - pOH 

NH 3 + H 2 0 *=* 


pOH i*,j (>* pH 6^*o 


.6jSil li<J pOH i-u» I : Jlia 
Hi + 0H~ 


=1 . 8xl0 - 

(NH 3 ) 

OH = 1.8 xlO" 5 

pOH = 9.26 , pH = 4.74 

Jl t_jjn.AH OaJjjjL^ji'il j&£j> Ji*J <J~«j yl y ^ hl ll tjj l > » al l <jifi 

Jj_L»a jj alAo! ^J>J_ u yl (j-£-»j 4 , i 1 5 ~ 1 1 OJA .(1:1) wJy-ill (j_)>!*lll 

0J_A J kil . SjcUJI ji (Jrtoll pKb 4 pK* <j£ (j^iilio pOH jl pH (>» J£J ^ol» 

i^5lj_JI iljUll 

HA ^ FT + A - 


[H + ][A~] = 
[HA] 


log liniAH _ log k. 

6 [HA] 


Jjjill iljUll j>-L) 
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JU - QiaUa>Vl (11) j 

or log [H + ] + log 


= log K* 


j->-lj k_JL» j 3 JjUI 


- log [H*] - log K. + log 

HA 


pH = pKa + log log [H*] + log 


0jj_j 13 olcj» > >i Jl cj Lsj «■>.».! I Jjaj (jli ^Jpj 

• (yW'JL)^* J j (j4l •■AAj . 1/10 10/1 <> 

pH = pKa + log = [K + log 10“* 

= pK- 1 

or pH = pK. + log ^ = pK + 1 

oUlaUlj (_>j3lx> (jj ^JjuU J^Ipm j._Ufl.>oJ v—i^ikll : kJLw 

, 10 -4 x 1.2 (_>aa^JL] vilSutlll iiuli yU U1 p . 3.5 yj 


pH = 3.5 


:.W = 3.162 x 10"* M. 


SJjUl ijj > j 


HOCN it + OCH" 


1.2 x 10 = 


1,2 xlO 
3.162x10' 


3.162 x 10^ 

_ 3.162x(OCN~) 


(HOCN) 


■= HOCH 0.3795 


LSj . 3.5 fjn I ( jSo*i^> 0.3795 Ja*j *) djl>u ^jl )i»j 

. iJjUl »jp j->i ^Sui kjLJ! Ioa J j 

pH = pKa + log — — 7 
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gj&Hj JJjIaj ol&j 


3.5 = 3.92 + log — 

acid 

— = 0.380 


(HC1) cm J-« 100 _^aL» : Jli$ 

300 t _ s JiSL5l ,jl (0.2 M) Cm S* 200 4 (0.15 M) 

b*JI 

(_>At.>JJ 4 JmuJ L (jjjlill (jj 

w . ml of solution , _ . , 

Molenci = x mole of acid 

1 000 ml of solution 


jJ A.i,.„. iUjj 


Molenci = x 0.2 = 0.04 M 

1000 


C 6 H 5 NH 2 + FT : 
0.04 M 0.015 M 


M250.0 


C 6 H 5 NH 3 + 


0.015 M 


UjUil 

••• 

AiLi^l JJ 

I jju 


. 300 j iiLi'jll Jj y JjjjJ&jjJliA j&y IjJ 


Mole of aniline Hydrochloride = — — x 0.015 = 0.05 M 

300 


Mole of aniline Hydrochloride = x 0.025 = 0.083 M 

300 

j* J)L»mJI j (jli li<Jj 

c 6 HjNh 2 +h 2 o c 6 h 3 nh; + oh~ 

0.083 0.05 M 

ojjl* CM) 


t C i HLW Hl ]igH-l . ^° 

[C 6 HjNHj] 


tjJxiyuiLj 
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^iuVi Jl»3_ (ii) 


= 4.6 x IO“ 10 = K 

[0.083] 

/.[OH - ] = 1.856 xlO" 5 

pH = 14 -pOH= 14-9.117 = 
pH = 4.882 [H*] = 1.3129 x 10' 5 

J yt 0.1 t J_jj 0. 1 >[Vi i jy > .>. ! pH i— u * > I : JLw 

. 10~* x 1.84 dll'll I ouli (jl liyjfc i jjJJLi oM> 


pH = pKa + log 

acid 




pK» = -log K a = - (1.84 x 10~ 5 ) = 4.735 IjJ 

IjJ j'iy 0.1 'yj Jiy 0.01 ^Lll j£y (ji 

pH = 4.735 + log 2-51 


= 4.735-1 


pH = 3.735 , H + = 1.840x 10^* 

o}L3- J_« 50 £_« j'iy—* 0.2 y«*» (>• (Jj 50 qj Ja ^ JL > : JLw 

.,*■1 fvi.’ill CJul—5 £)l |j| l»jJL>JI li$J J^Slf . jty* 0.2 


. 10° x 1.85 


J, 100 = 50 + 50 

Jiy 100/0.2 4 100 / 0.2 lij 

pH = pKa + log -^r~ 
acid 

, 4 or lrt -5 , 0.2/100 

= log 1.85 x 10 5 + log 

0 . 2/100 

= log 1.85 x 10 -5 
pH = 4.7328 
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Aftlyjlj yil»4>Sll U —1 

.«uuSi ^ iXLtjjjj (j^L»->lj y«l±»l dhfj e»jUj yl y£«^ kJy^ (>u —2 

J_frl_ji) J_jJ yil_14>! £- jjj oLS^II ji L»j 4 0*1 jSj yil*>l -r^il —3 

,4 _ul-JI »ljj| £j 4,0^1 oU5jil yj yi^jJ 

BF 3 : NH 3 , A1C1 3) Ag +1 , F 1 , SnCl 4 

>*,l.fwuil 4luU 4 JJ>uJ I CjuLJ y,U ii^UJI yiil pj .^jJSJLi (JJbkaJI y£ <jjMJ I jll — 4 

: yl J£J DJlcLaJIj yAA>JI QjSuS 

DOcljj lJjw.A ySLU*<J —I 

,<U^«_0 BjlcL 5 j ya*>>! ^Lt — 4_» 

icjn.n 6A*ljj y rt l. K* . ! ^JLt — £ 

Kh = Kw/K a : 4^3l ii^Jl jiij -5 

.1^15 <> 0. 1 Bj^jj JjL>*a} pH y-^l .., -> 1 

Kb=1.8xl0' 5 ,K w =10- 14 A^ 

1 » f M J-S” yA-juA^yk L_j . <7 j| JU3 JI OuLjj 4 Ji>oJI i>-jJ yP 4_iy*J I jll —6 


. l^jLt> j 1 L i 1 «.- 


yU pJ 4 Jjl«jL» ^Jyoi\ .I^aj4> y#L*ull viilajyj^ Jji>4j yj£,j Ijli £jJi| —7 

.*U! >iliJ^Ju>JI .Uj^iS' Jjl>4A y* Luuu IjllJ 

.I,;. wLSajJI ojjU yl pJU I3J o^L>J J J . > i ll I 4 >jj 4-i <■>■) —8 

.10 * 4 »UI_J 4 10 ^ X 1.8 «il | jl»il( yi^» 4 10 X 1.8 ^Al^l'il 

.pH — Vi log C + Vi Pk w + Vi PKa ii^JI eo* jUii] y*. -9 
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^ QiJWl (12) 



Chemical Equilibrium 


UL> j jjj J! jj-* » L LJli (jjfcJ i_ jU Ui»<ljj j 

ji*j Jl tJjjj IjjJlilj jl Cjl J tft kijjaj- ^Ltu i^l j tSjj (jj«Jj • 0 1)3 1 

j!^»il 4 JUU 1 II jljll <^5[g ^jic Ij^Sj . (jljJ^U <JL»JI Jl ^UajJI J*0^j 

yij_*JI (a) . jj-njZ.i ijJ-tJA yij J_)jLSj (j,uj <,}_£> LiJ I fi JAj . (jljj'il iJUJ OoUJI 
ola,»j>JI j I cL>o SjZj ^JjJI (b) . ^JjSl iiUsJI 5JL> yL> 

<Li“>Le 3_juLSJI <jljjYl <LJL> J jkjJI lj aia <>• (_>ijillj iaSUill 

o.>J JfUull (j_« J_*oUJI Jiyij JfUjJI J 4i>ljJl jl^II oiJuiu cKljjSJj 
L-iyi pj tlj . <jfj3llt Jl J^jJI *1>^ jj* jiSJjJlj h « ■ n 1 1 j Bjl^>JI (j* 5_o Li- I_ij _J» 
4_»jJ t j^SJxJI c k ji. AU (4— oliJI LJI) ojjt Ji» jx> L> i— »!jjJI 0 jj» (jj 

. (jljjj i)L»- j bi** plti ijy*}\ 

<Luj15juVI O^UUjJIj ^jLxaoSJI jljjill 

Reversible Reaction and Chemical Equilibria 

JJjSj OjLioJI 3JUJI Jl iJiLJI 5JL*JI (jj ^jojikll 3JL>JLI j^iiJI 4-iilii Jjtui! 
o j_» JjL» (ji |.UJl ^LiJI (jj ■ 3 j!jJLI 5JL>JI Jl 4 -iLcJI ilt^Jl (jj j^S^LkU j^iSA I 

. 5jj«flJI a j> ^yic o'jjlall <LloS <jS*^ lifJj olj^wll 

H20(£)^ H20(g) , CeHi206(s) * C6Hi206( dissolved) 

• u'>"^ jLLc ^jLSl J^LijJI JjaI LjijLu , ,j.«* 5 -*il Jpliill JjJU (jl (,$1 
<JoZj ■<,> J*L»J _^JUJU , ^ Uu 5 JI o^UUill j 

J*Uo)J LSJjj 1 • 1 JjllVfy wlJLiJI (_>a*> kL> . (jlj 3 *lll Jl J^l 
. <UjUil J US’ (jljJ'llI Jl Jj«^ll jJls j^ 5 j 3 )l J. <xx > Ujli 
CH3COOH + C 2 H 5 OH *=* CH3COOC2H5 + H 2 0 
(^ 1 ^ 1 ^ 311 ) (1) (1) (0) .(0) 
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9jji Jj£ y jit 3JI j j^aJ vl>0>^ M J^LijJI Jx>}U 

Jl Jj«o_jJ I jjlp «-li!_j £>*(1:1) ii-J ii-L l L iM«. fi g £jl 6^*0 ‘ ~ 

2 1 

.JJKiJI li» ji£jA I — }£jd\ — JL>J XK) j Jiij £)ljj)ll 


CH 3 COOH + C 2 HjOH 


CH 3 COOC 2 H 5 + H 2 0 


(^SI^iyTjjJI) (1) (1) 

<&»** (!) (f 



ij£L»j J^UjJI ji Jl LjJkt Jliy cj^UUjJI boa JIjj 

• (>*'->^1 j ^-*1* oi 

J^LijJI ,ji liili . jjjj j J_p^Sj (jAw*- jL»U . I^Ijlc dUj Jjjuj i&-H} 

jj • tj— <^^11 (J^LtiJIj jjjtJ Jiij t £<r< Jj*** ^*Jl jjl ^ 

-*H j yJk I — i£ (jL>u-cy ^LiSl Jjju £%jua, ; 



Fig. (1) reaction rate 
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The nature of chemical equilibrium 


: JtljjJl Jit - !,,* (jl u>^ ^ U t ^ l yl i£p 4 T i J.t. »J I ojaLUI 

. tltklll JlZjjj JbL> ijji ^ yljjf a>_ji - 1 

. pUajJl ijy Ijfcjj jJLc ouli ^.^ll J^UjJl J jljll 'j£y Jiij — 2 

. a ., A « J l J^lijJI JjjJ jl i , i •»■,> ( ytL'i) J^LojJI Jjjm — 3 

4Ja-_>l^ < jiilj jj_£j (jljj^il JjIj_cj jljjl.wU ki)jL>JI y-SUil J*Uu)l — 4 

J^L&jjl jl JtfLijJL L<J wjjjLij jl Jl ^1 hill i!L> J_cu — 5 

.^1 

. J* tool I wjjjjv jL>o| jjift .vt~i«~ (jljj'il 5JL> — 6 

jL-itf iiltJI j ^jjj^Ilj *£>11 (j 4 ^lcl pllalll L5LuLyjjjj,u — 7 

! -Lol»JI JjI^aJI ol>o ytjJI £t *^1 iSLkJlj utjyjyi (j! t5 1 uljj^l 

(AS)e,v = 0 (maximum) 

(AG)t,p = 0 (maximum) 

J^_>j jl lx_i.AH i Ojfy>J I <jt i^_>L^S[l Jtljjd! (jj <Jujlit (jjyb <C^JL»vt Cjlvu — 8 

jJlc ydj pUaJill |»ljLt jljj^l 3JL> Jl l,uUlj pUaill jli jlL> Jjle 

• ul>^l 

Types of equilibrium jljSVI £\y\ 

jl jLe 1— *j i_uSj5_JI yjjL>aj j J^UjJI pj : y_u l.>3i< i ^->L<u^ yljJl — 1 

Jit (jljj)lf ill^ Jl J-fl^J Jaii i_J i Lo jl JiL< 

N 2 0 4 (g) ^ 2 N0 2 (g) 

CH 3 COOH(^) + C 2 HjOH(^) *=* CH 3 COOC 2 H(0 + H 2 0(0 

iiilAst i_ill_oi ijs- jy*j J J^lilll pi oij : y>uL>a« jMi yljjl - 2 

: dll j Jilt (jljt^l! i)lj> Jl J ~&ij (J5L, i + j Lc) 4 (Jil ~ < + v _tLo ) 
C(s) + 0 2 (g) ^ ~ C0 2 (g) 

C(s) + H 2 O(0 ** — H 2 (g) + CO(g) 
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****** djwi ( 12 ) 


The law of mass action : 3Ju5JI J*3 

(j_yL5 Jjl J! 3jlj_>JI jJlp ^1 J-cLillJ ojl 

i W.*\y> <_i — ii£l j — 5j il — l£JI J «> j «j Lio* k_ij_c ^ j — ilj 

Jj_«' ^jJ! oyUJ! ij-*! .(C.M.Guldberg and P.Waage-1854) 

J_*3 <j_yl5J j»LnJI (jylillj jIjaJJ aJ aAil l <dl£JI <— u-Ljy 

Ja Lilli j <*Jl»>IjJI jIjII J£J (jj'ijll jiSjlil c pi l j« 1 }<ll J^lillf Jjnct '-ju^Lju^ " illfDI 

.".**-, 1*211 JJjUlf j iykUoll 

Equilibrium constant oulJ 

K, : i/ 5 ^’ Jtlilll 

aA + bB ^ ““ IL + mM -1 

K 2 

jl (L, M) t 4-ls liill jlj_il oL^I jl (A, B) (y> J£ i±j±>- 

A_Lclilll oL!uj>JI o!j_» jj~c JjLm (a, b, t, m) (*-»JtiJI j|_^ll oL^I 

: ^LG/fl JaUHI Jo-M lj| 3 JjUII j i*iL3lj 


ratef qc C‘ 

or ratef qc = ki C 1 


(^ ^ a I I ,J^Ui)t JlILj 


ratef qc 


or ratef qc =ki C[ x CJJ -3 

J^Lilllj Lilli kiuUUl Ja-aj LaA (k], k2) •— x^Uudl OuUj 

■L n ul l ;« l > < ill j|j_ll a ,_« v u l n ^jic All*? . JaaII CjuLj i. Jljill ^wlfLiu'jl 

J^Lilll Jjuaj LajJlPj J^Lil <— >jJ -Lej ^jJl***^ J^l 

; Jlill jaLJI J^lilll Ja «1 1 *jL*» LaIp ^•L'lil 

ratef = ratef 

k. [C* A ][C*] = k' 2 [C[][C”] -4 

(4) 3JjUil gjy BjlftLj 

= Kc (constant T) -5 

[C‘J[C*J k 2 
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OuU 4 <ii£ yj yj c CjjIIp (Kc) 

4- _i . A l^jJI 3JjUil jj» (5) JJjUIIj 5jIj_>JI * >-jj jjiju <UJLJI oiaj . J^lij 

ij I » - 1 ■*» ... i jt i_iL»L xJUUlif y$y j yj*~ '^■x> jii (jljj'ill 

AiJ ><|) Ijj .vij yiu Jjj (j'il oL>o"il yju^t i 5jL* 

x> y—*j J^LijJ! t)li J-ft L i- i l l i_ll> j S.y,A» cj\y£y LuLel jij . SjJj> 

J-tu 4-uJLllj (>kjL— jj ^ j (Kc) (jli lji»l j Oy yljj'Jl Jl dyejil 

. tuU 

4_jL»L OolDI jljll jl 4lclilll jljil ,> J5 Ji£y j ji** ^JLcj 

(jlj_j| Jl <L,«i,> £jljj*!ll J^lilJI jjL <j4 Sjl* i^l ygjw jl 

4JL L ^ lill jf J^L&jdl j 4_l.>|jJI j|j__Ll j&y v— <L m»^ «. Jlj jj-l*- 

. SilJ Jiuj ibU i)L> jj (Kc) oljrtl i-jLoJ 
1$ Zijivlxi (j_£Ly 'ij 4_Jlj^ll JJIajJI ^jlc 4 aJL> a5jj (5) ijjlxllj 

^jJLc j -.,» ~ny JelijJI t JJI-Lj ji*JI JLkJI jji J . ijlii j**JI JJL>jJI ^JLe 

y-*T>j t A^LL-ilUj i-iyu yji I j^SJjJlj y^ jl h - i il l 

: ^1^ US’ yLlilU LLlL ouLL 

K = ( a L H s m ] 

C [aJJ[a>] 

j j,jSj3JI (>• 'ijJ Ja uL iJ I Jli-jb JiiJI li» Oilai^l j yljj'il CyUj 

. JJUJI iJU 

K _ Jel = r^lTO 
k 2 [p;}[p B b ] 

: JpUuJI sL>jV yitjjS cuC 

Equilibrium Constant as a pointer of the direction of the reaction. 

Le JjtliiJI eLhti'i 4 jUM (_>iuy JjIaU JLL<jlj 

ijj JiiJI li* (jjSlj y$y i>l - 1 

[ c L h c m] =Kc 

[CXKC^j 
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jlyi'il 3JL> j fU»*ll yti oj_^j5 aIc 

J5LAJI Iaa ^ ylj^l £. olj^jjll o< ^ - 2 


l-Ljl-Mj < K 

[C“ A ][C‘] 

(j o j&—*j 3JL>JI saa ( J1j j JcUaJI jj£j J a .D. tH (jj jj£\ iJL>JI ol& j j>Uil yli 

, (jjA^JI Jl jL^Jl 
ij) j) y-SLiJIjj — 3 

[C[][C£] 

[C\][Cl] c 

Ji$y '- r ' j~o J-oL> y4 jiS 1 <ejoUJl jljil Ji&ji k-j J-oU- (ji JsevjU La^l Uuli 

• J^l J 1 £**<*• l> j*-»! Jtfliill Jiyi 

^LwoSJI jjjUJ ^SLuljaSJI jUli'ill 
Kinetic derivation of the law of chemical equilibrium 

JJjIaII i — i.J 5u 4, .<W < oljLae^l (j_* ^JLjjjaSJI yljji'ill (jjjLi Jiiu < _ y 5J 

: <,u I l u,,i5lJ I 

A + B *=* L + M 

y, j_j oLjj*a!I jj_c (B) SjLII £— i (A) SjL* 1! Jjl..2!ill Jam juJj^ <±uj>- 
SjLIIj (A) SjLII (>• 1>SJ tsy> A>lj (jl {jiyiai . (A, B) (j* 0^1 ji ole^e*- 

1 = 1x1 <j_j_£u 4. h >■! (jl Ale K*oji yls c (JjL»-fc)l (j4 jil A>lj j (B) 

I a - Sa j 2=1x 2 <jj-Su oLej-eJl JAC <jli A (> (j*j!yjee £4 (B) y4 tSj4> yi 
obj^oJI (jli (b) yjS’jjJ (B) _j (a) ^ (A) (jl _j) IajaCj . JI_jeJI ,jic 

‘ (B) £-4 (A) i»ljjjl ji J-oL> £4 k—lwllu J AC |jl , (l X b) yj5u 

: y B j A^eJJ ^jLj'JI Ja*j j^£,> Iaa ^^icj 

ratef « [A] [B], ratef = ki [A] [B] 

Lu*5lp JaUoJI Ja<m j i_jSLjj 

rater 00 [L] [M], rater = k 2 [L] [M] 

: JeliiU 




A + B 


* , L + M 

k 2 

(j Li o yj 3JL>- jlc-j 

kj [A] [B] = k 2 [L] [M] 

u.U 

K jEi [L][M] 

' k 2 [A][B] 

: (j^Sj (jljp'il 3JjUi ^^ 0 t^jJl j^ aoI II (6) 3JjLJI sIa 


aA + bB 


fL + mM 


K - JEl = tCtllCS I 
k 2 [C' A ][C‘] 

OjIj ^LwljyJj* Jjjjl Jlili/iM 
Thermodynamic derivation of the law of chemical equilibrium 

ofjUl) i lLj . J^JLamU (jljj'ill ouLj [Kc] iZjLJI o'ijLJI 

ibUll <jli . T Sjl^*- ii»jJ iii aIc 

AG - A G° + RT In -7 

[Pa][Pb] 

Jl j* a laJ JJjloll <jli 5jl^»JI i>jJ 0 >jj 5 jJLft AG = 0 Juift (jljJ^U jIjjJIj 

AG° = - RT In 

[Pa][Pb1 

t " <-) t uu Sjlj_> i->jJ -Lla JcliiU s_^*Jl otUrAG 0 (jl (ji 

; IjJ hi . Al l il^Ju (jlj3*-ll CjjU Kp 

AG° = - RT In Kp 

AG° , Kp ujLjlaJ 5JjUII ■*■;■*- 
(7) JJjUll yli 
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****** JM! ( 12 ) 


AG = AG° + RT In 


[PtlKl 


[Pa][Pb] 

ei» q^SS 

- AG = RT In Kp - RT In 

[Pa][Pb] 

(Vant Hoff isotherm) i_iy& ouli 4J jl*-q iljluli ,_j 


: JaU&D AG° 3 y*i] iilkJI j jjjoJI u»> I : Jlia 

H 2 + 1 2 *=* 2HI 

.K 500 = 41.00, K 443 = 50.62 <jl ii i*»j j»°500 t ^°443 Sjlq*- oL»jj jie 

JL»JI 

iljluli j qo^ajJLj 

AG° = - RT In Kp = - 8.31 x 716 x 2.303 log 50.62 
= = - 8.3 1 x 773 x 2.303 log 50.62 

= 23.365 KJ at 443°C, - 23.870 KJ at SOOT. 

The relation between K P and Kc K P and Kc on 

J^LilJI I j_a (jl jl..n,cb (L, M) (A, B) 4_lclilll yl jj 

t I f h».«S £j ejt» ,J£ LU jli oJUjII oljlil) 

. Oj^j-oJI OJA iJjUil oU£ (^>£-4 <jli ijJlljll 4xbj jU 4,1. j'llbj 

Kp = ® ‘ " 's' 

[p;][p B b ] 

K = _ 9 

C [C‘ A ][C b B ] 

SxC- JauLAll qtf jjj* 3 4-eli. j_yj C, P <Luo-j 

: I j> 5J J4 ..X UjL> 4| (>£-4 Kc, Kp ifcU iS^bdlj 

.(V) ^i£JI ^4»s*Jlj Tojl^ <L*jJ ■*** oljli (>» -b^ l * « (jS Pj Jai-oJI 

• ' Hi ( n 0 OJ^J 
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\ i+***t** u 'j**' yit) i 

PiV = iuRT , Pi=^RT 

Ci=^- 

^Le luli CiRT <1 «|>S.1Lj Jju.j* (8) iljlull j L.A.A1I ylj3| y*lllj 

rr* irr m i dt( <+111 ) 

= x _ VP j(/ + m)-(a+b) 

[C'][C£] RT<"« 

= K C (RT)“ 

: ooliJl iieliill joc j (An) 


f °500 oJlp N 2 + 3H 2 * 2NH 3 J*UH) (IQ) : Jllj 

8— 

J^UuJI y! y«jy_i j yeiiou Jaiua JjlC 10 X 1.44 KP 

. yiS. tSLLu JiL-sj 


K c = ?, KP = 1.44 x 10~ 5 , R = 0.082 lit-atm deg -1 moP 1 
An = 2 - 4 = -2,T = 273 + 500 = 773 k 

iljljJI j yayyu Jbj 

1.44 x 10' 5 = IQ (0.082 x 733)~ 2 


1.44xl0~ 5 

(0.082x773)" 


= 5785.61 x 10" 


iJjloall LojlL> S0 3 y_jSu i : ulLw 
2S0 2 + 0 2 51 2SO3 

<_>jJ J UlP jlJL> JjI_C p !.'>■' .-Li Oy_jj£JI . Vj . f ^jLjj *-lj^JI yJ iyjkj Jjjjj 
Lj_L>Jlj . iJLsfJI ~ y,t>_j-i»Sl t 10 jJLc JauLaJ I <iiLJ £» p °600 5j!^> 

. Jjj 1 : 2 yj a -.-t ^ Slj S0 2 yJ £>jSuil 
. p° 600 J#UaU AG° v-lj2JI Sy^l tflfcJI v_wl - 1 
~ Qj frill yl (Kp) 4 o15JI x_*^ 2J I t. i . n , -* ! — 2 
. Kp = 100 atm * / ij > . cj^jjiUl .vj.nfr viJli ji JjjoJJ 


-425 - 



QiJWI (12) 

AG° = - RT In K P = - 2.303 RT log K P 

SJjbJl j 

AG° = - 2.303 x 8.3 14 x 873 log 100 = 33.43 1 KJ. 

2 - The equilibrium constant is given by: 


K P = 


P x P 

r so, A r so. 


n SQ, X n SQ, \ ^ 




2S0 2 + 0 2 " — 

1 2 

- + - 

3 3 

N 2 in air is 80%; therefore °N 2 = 4 
N = n so 3 + + n sc >3 at equilibrium 


2 S0 3 

— mole 

3 


- + -+-+ 4= — ,An = 2-3=-l 
3 3 3 3 




K P = K n 


4vri9 


■= 15.2 atm 2 


: JlaJI J*Usll : 

N 2 0 4 (g) 2N0 2 (g) 

: JlillS - oljrtl yu jJ* oj^ll jljll ^ 
N 2 0 4 (g) = 4.2 x 10" 2 mol/1 
N0 2 (g) = 1.41 X 10" 2 mol/1 

. Kc (J^liuJl I XfJ yljj'ill OuLJ yt> Lai 

_ _ [NO,] 2 [1.4xl0~ 2 ] 2 , n _ 3 

K = = r~ =4.66 x 10 mol/1 


[N 2 OJ [4.2x 10 ] 
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OJW (12) 

<Ul>- o-lcj . 500K ■>. JLc jjJ j^Ij j ONCl(g) (jj Jy* 1 .00 : Jlia 

4_»jJI BOA JoA Cuu 4, a.jj i_ !,.<■> I . 9.0% 4-u.J Oul5 

20NC1 2NO + Cl 2 

wlSkAlll ilL*. joe J 11115 oul5 cjljj5yJI 

[ONC1] = 1.0 - 0.09 = 0.91 mol/1 
NO = 0.09 mole 

Cl 2 = 0.09/2 =0.045 mol/1 

(NOflcy . [0.0? ] ’[0.04S] x 10 . 

[ONC1] 2 [0.91] 2 


Application of the equilibrium expression oLu olZ.uK» 

<Ujjul j y*ot>all jl jj^/l — 1 

<3_J J_j_» (x) i y-J Jj_4 (b) i yo-*> J1 yJ Jy (a) jAlil JulC 

• • <_jl5 p>v>- j *^1? 

(^1^1 A B O O 

",-si ( a ~ x ) ( b ~ x ) 2L A 


: JJjLaII j 


X X 


vAv 


a-x^ ( b-x^ (a-x)(b-x) 


juJU/j (Kc)oi* J y?5* ■UjUII jjt j t)i -L»}U 

yi *U3I JaUiJI j : JUb 

CH3COOH + QjHjOH CH 3 COOC 2 H 5 +H 2 b 

11 2 2 

0*0*^ k> 

K,»aia =4 
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ClIJWI (12) 


y-« Jj_i 3 ^..Vu Jj-a.511 y_a Jj_» Jjvlj £a Jj 1> . I I yA*^ yj Jj4 2 : JLw 
yLj— . » sL*oj J_ >j — 1 . 100 <->jJ XL 4 xLL JjjjJI j ••lil ja Jy 4 i 

. ji-’jfl yJ_jSu ol>J Jxliull yl^y-J iaj!>UI JJlC v , i.,i,>I — 2c JxUjJI 


[ester] [water] 3x4 

IX-c " * 0 . 0 

[acid][alcohoI] 2 x 1 

3— jLd J L^jj £jl L-J L J Kj yo-JJy (jl 1-1— JauuJI Jljdljj (6) A U I, 15,11 (Kc) Sjj 5 |j| 

c5l) . y^j5u eL><3| y< 5 ft yl (. 5 ! OjyJ'lfl 3JL> Jl (J-eu (K c ) 

j <JL»Ij SjL» J-5 jir&y I j] . oj'ij-i j j — e (x) <ji — 2 

Jl jjL-a'il J— L>0 y_* l-JLaj (x) jjIajJ . ij^LJI BX^J JjL»j L_ij— ■ ylyj^l xLft JftUjJl 

. J_ps£L!lj yA*»Jl y* JSJ 0^11 JXft 

CH 3 COOH + C 2 H 5 OH *=* CH 3 COOC 2 H 5 + h 2 o 
(2 + x) (1+x) (3 - x) (4 - x) 

y^yi^aJLy 

E-* M t- *J = 4Q 


[2 + x][l + x] 


iljLoll j Jb 


x = - b ± 


b 2 - 4a C 


JJl .ft yjJsJ "iJj J_>jj *lJ 4 jJ 1 ...ill <4 JaJI lj] + 0.20 jl X 6.5 

• ulj^ll x*p &jy*y BjU JSJ o*!Jjil 

CH 3 COOH + C 2 H 5 OH *=* CH 3 COOC 2 Hj + h 2 o 
2.2 1.2 2.8 3.8 


: Jpliui! : Jlifl 

0 2 (g) + 2S0 2 (g) ^ 2S03(g) 

S0 2 (g) jj-Sj? yl j_l9 . 36.9 mol/1 ^ a Kc oJ15 . 827°C bjIj^- xIp 
0.125 o JL5 . ouj>.,5ll . »5| iix!L5_j 0.03 mol . 0.05 mol ixul5 

? JpUjJI li* oLkJl yt Li *JuU\ xL yi x>lj j mol 
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= 208 mol/1 


| if " UJ**' 

[S0 3 ] : _ (0.125) 2 

[0 2 ][S0 2 ] 2 (0.05) 2 (0.03) 

(j-» ji — lj| K c (j_i jfS I 208 mol/1 ^ (Q) <jt Ja^>!>Ul c>* Ijj 

. ^>X»jJI Jl j 1 -■■li I 

:OjHI JaUsU : Jll« 
H 2 (g) + 12(g) " " 2HI(g) 

<»J ^ »..» |k_j jjJ j— >lj j HI jl->I jj_j . 425°C j_l£ 54.5 (Kc) oul£ 
ji ^JLc ijj ? (jij_j"^i aift jjJIj y t-J • ojj^i ji <i Jj-^yu 

. 0.5 mol/1 j* HI j^Sjj 


: iljlull (jj (j^j . HI — 0.5M . x — H 2 — I 2 (jl <jj 

(H,)(I) J x 1 

.-.X 2 =0.00456 m 2 /l 2 . 
x = 0.068 mol /1 = H 2 = I 2 

: Jill! J^LijU (jljj'Jl cju 13 : JLw 

H2(g) + C02(g) ^ “ H 2 0(g)+C0(g) 

j h.l> . CO 2 j (H 2 ) Cj~* Jj-« 0.01 yl ^Jj» Ijj . 750°C jils 0.771 : y* 

, oly^l jj* 5 j^*j 1I jiyil j£y y • jjJ j-*-ij 
H 2 + C0 2 H 2 0 + CO i^lui^l ill*JI JU* 


(0.01 - x) (0.01-x) (x) (x) S_ul^JJI 3JUJI jula 

(j-sy_jj«jJlj (jljj'il liuLi <UjLu (jjj 

K c = =0.771 

(0.01-x)(0.01-x) 

: (j^^aJI ^5[] <^j<^jlll jjjjjJl U»jVj.i>l jij 


(0.01-x) 


= 0.878 
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(x) (jl x>u 

X = 0.00468 , H 2 = C0 2 = 0.01 -0.00468 

= 0.0053 moVl 


H 2 0, CO =0.00468 


j jjUJf jljSVI 

Homogeneous equilibrium in gaseous - phase 

jl— «JI jcUil) JjSl i!l>JI j . <j^jJL> j oj^i (jl o$-H oljUll jcliJ 

. 4jJl » i (j-ij jclioJI CjI l iI « g JjLi- di'jjll j j±iu ytj 

2 HI > H 2 + I 2 

>/ 2 N 2 + N0 2 > 2NO 

ji ■'ill J jL_> 4 _iKll cD^j-tl ' ' g j j^iu jjjkj kujltf liill o jbk (jj ^UJI 

. 4jJl»l (j SJ 

PC1 5 *=* PC1 3 + Cl 2 

N 2 0 4 ^ PC1 3 + Cl 2 

N 2 + 3H 2 *=* 2NH 3 


Effect of pressure at equilibrium jljJVI uS le iuL*aJI jjjb 

cuU — (Kc) (jLi JL-3Jbj SJjUII j Jl j^£3 (6,1 1) iJjL*ll 

^ •>« >11 (j— 1 j_j oL?j£tU d5j ><ll JuLaJI UjjuL. 1 t ^jk>JI AiSnj (jljj*5l I 

. iJjUll (jj£a* jjSJjJI jl Jil^-JJ 

P H xP, 

H ’, • = K P -12 

p 2 m 

(Jtt-i . ju jIj j; (|5j*JI JojuaII (jli oljj OOC pltuJI ^JlC ^^lSJl t-ii.nll J^ji jii 

: |j] 4 jl*uJI 

( n P H )x ( n P, ) 

V_V _ V _Ji. / =Kp -13 

n P 2 ffl 

(j_< Lf t ’< > ( jiv * ,; (n) (jl j i» 1 (13) <UjU 1I X j . Vi (12) SJjUII (jl Jx>jG 

. Kp = K<; I j] I ( jLe jjjju 'i (jljj^Jl (jli JlsJly (j^jJLJI 
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6 jw» (12) 

<j-« Jjj 10 2 x 0,06 i J y 10 x 0,56 (jpJylia : JIjp 

C ')$£ j—jjjj (> Ijpp ^S - . Jl y~oj (jl> 426 LJ I>- Llav- jjJI 

; (jL l *1 p joP 


= 48.38 

at 

426°C 

56.0 

6.0 

0.0 

H 2 + 

I 2 *=* 

2HI 

56 -x 

6 - x 

2 x 

4X 2 

(a - x)(b - x) 

4X 2 

(56-x)(6.0-x) 

= K C 

= 48.38 

IUjImII j 


22.19 X 2 - 1499.78 X + 8127.87 = 0 

3JjLJI j 


x = -b± 


b 2 -4a C 


= 1 499,7 ±V(1499.78) 2 - 4(22. 19)(81 27,84) 

X ~ 44.38 

x = 61.6 or 5.9 

Now 2 x = Chi= 132.2 or 11.8 mole. 

JLSHjj jiSjSU ipIXuVl 4 « Ji ll (jj jfS\ JJjJf (jl ^ 1 L I > 4 j^>w> jit Jj'il 4^uJI 

, (jljJ'il 3JL> jop liuLUl y (Jj4 11.8) <t^Jlo)l <u^ZJI jli 

4_>-jj j— I p jiJ j_ >lj j Lupj jjJI (jj 2 i <> 2 : Jli» 

. Kc 35 48.9 <jL UIp pjp SjU a*jI • f° 457,7 Sjl^> 


H 2 
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*4*^ dJWi ( 12 ) 


2 -x 


K c = 


C 2 


2 - x 
(2X) 2 


2 x 


Ch 2 xC, 2 (2-x)(2-x) 

(2X) 2 2X 

— — 48.9 = =48.9 

(2 -x) 2 (2-x) 


= 48.9 


1 3 98 

8.99 X= 13.98, X= — 1 — = 1.55 mol/liter 
8.99 

Ch 2 - 2 - 1.55 = 0.45 mol/liter 
Ci 2 = 2 - 1.55 = 0.45 mol/liter 

Chi = 2 x 1.55 = 3.10 mol/liter 


JlsJI JpUUI : J13U 

2S03(g) " 2S0 2 (g) + 0 2 (g) 

o a* jap (Kp) Li HOOK jJp Jy 0.0271 y» (jlj3*j| cjuIS yl£ 

UJI 


; ^ OjjUllI o'ijil jjp (jl Ja>‘>Lll (jj 
All nproducts ~ n rea ctant 3 — 2 = + 1 

Kp = K c RT 4 " = 0.0271 mol/1 (0.082 1. atm/k.mol) 

(1100 k) = 2.45 atm 

a i c 1.5 x 10 atm { jj» Kp £|L£ Ijj & K$ cojLj jaU ; JLu 

: JlsJI JpUHJ 500°C 
N 2 (g) + 3H 2 (g) ^ " 2NH3(g) 


An = 2- 4 = -2 


K P = K c RT An = 1.5 x 10~ 3 = K c (0.0821) (773) -2 

/.Kc = 1.5 x 10“ 3 atm -2 x 4.03 x 10 3 L 2 atm 2 /mol 2 
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= 6.04 x 10“ 2 1 2 /mol 


J#U5U 1000°C aie 167.5 ^ K P <ji fi* |j| : Jli* 

C(s) + C0 2 > 2CO(g) 

J auL i Jt . jljj'il JJL> qlg jyjjSit .u.*£l JjS' h«.nll _y* Li 

. y> la JL i 0 . 1 _y» ^UJ 

Kp =5 s°L= 16.5 atm 

P 

r [CO,l 

p 

167.5 = ... p 2 = ]6 8 a tm 2 

0.1 atm 

P[co] =4.10 atm 


oVjll JJ£ j jMU m (jjio JpUlj 
Reaction with change in the number of mole 

^yjLJ Oj — * 5] £j|j . fesrj jL^iU J i- *s 1 £»(j — 1 

: ^ISLsJI yjjfcjjjaJJl j^5l 


n 2 o 4 


2N0 2 


: c SjJfJl (K P ) owli 


N- nN 2 o 4 + nNo 2 (jiSJl ^»^Jl 


i»oLJI Jiyij SUUslI jljJLI JSJ 


T) - "MjU 

Pn >°‘- N 


■P and Pno. 



: ^lSLI! Lva ll (P) <xuy>J! LSjLj 
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***** OW (12) I 


5 <L> jJ Jue 

j^jl JuLa]l jjl _>li . JJjLaII j jaU* jiSJI JwLaII jt (14) <jA Jx>5^ 

. ijjli Kp JJjuJj i.i.iUi] riK 2 o 4 4 «ii* jIj)3 JUJUj n>jo 2 j tA&j Jx>^C LUli . 
(ot) <. jlJ j 1^04 (j— « Jjj j->lj yi : Jli* 

. UjUaD IjUt , ale NO 2 J1 »lKUll ^ £sj>JI j -*£) f 

1 0 

N 2 0 4 *=* 2N0 2 

1 -a 2 a 

l-a+2a=l+a jj* ^^1 jj* 

j ,J£J luLoJI v-j L -.^jj 

Pna = (l+f ) P ' ^-fc) P 


2a 
1 + a, 
1-a 


4a 2 P 
d-a ) 2 


^°46 4->jJ JjLc N 2 0 4 <— iS^l j,»...5u!I 4a^J <..,.,i,.,«>-| ; Jli» 

. Kp = 0.664 ( Jlirfj jWI uJ o^y-i • yt 5 


Kp = 


4a 2 P 


5 jj-oJI e Ik (J ic 3Jjl«Jl el* LIUS’ (Ah. 


1 4P + Kx 


K P = 0.664 


0,664 

'4x5 + 0.664 


, P = 5 atm 
= 0.179= 17.9% 


^200 Sjl^ ^->jj ale . jy*y}\ y*»L> 4.1,1.* »} (jjj 
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PC1 3 + Cl 2 


Cjjj» (12) 


(<yMI j£jA\) 


a a 


JjLJI JlSil j L£ 


J j Csj->- (J5D JsuLdJIj (1 + Ct) (jljj'ill JuLc <^1S J ) iolA^jj>JI jac 

f— T 

T , _ p pa, x Pci, _ ll + aj _ a 2 _ 


LJjL*IIj P *_» OjUIU pUIl j Kp JL*1 Ijj y Le (P) JxiLaJI Ujjicl yi 

: Jl ^~cu30 (16) 

[k 7 


Heterogeneous chemical equilibrium jj±. ^\y}\ 

oijjL* (j-t jlJSI JcUiJI iSy^ uj^i yl y* t^-jL^oL* j*i)l <jly3*5Jl 

: L£ ^Jl (> — aLo — JiL,) t (JJL, — jLe) j L5 ^fcuJI j 

CaC03(s) ^ ' CaO(s) + C0 2 (g) 

S(g) + 02(g) '* ~ S0 2 (s) 

Qs) + 02(g) '» ' C0 2 (g) 

<jJLall (activity) jI^aD A^LLtoJI ^1 i 2 jl_JI c/jjUlf Jx»^U y l*£ 

• <jyu CaC0 3 = CaO = 1 o*ijU!l j SjL»y l 

[Ctb] w [co a ], 

(CaC0 3 ), 


Ka = (C0 2 )g Jl j ^oXaOL. 

^-v.r>7 002 <jl J. y Uuli <xwLu 5jl \j> £j (j A i Ww eU,l»! Ja uL A JI (jl 

• lij yljrtl ill*- Jl xC jUJJ Jm«AJL 4jJ»UuJI J|jjuL»I ijS-HJ 
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Kp = PCO 2 (constant T) 


OlJWI ( 12 ) 


L5j j> liJ I I Jl ^j~JlSJI oUj jj£ pMlI (jljj'il ouU : JLw 

<UL> c^LuJ o 3> v J tjJijydl Li > j»° 727 jlc ^ 600 <j| j->j j 

. Sjlj^JI cjjju yAyu . <5^LJI oLSjil jl! 10.0 ojjS «LI j 

Ull 

CaC 03 (s) ^ CaO(s) + C02(g) 

K P = 600 = PCO 2 

— — atm\lO.O litre) 

PV y700 / ’ 

RT (o.0820 litre atm deg" 1 mol' 1 x 1000k) 

= 0.096 mole of CO 2 

. ouliJ CaO, CO 2 Jl >i K . i . ’i l i (jl CaC 03 Jy» 0.096 131 
mole of 0.096 x 100 g/mole = 9.60 gm of CaC0 3 


Jl d Kitij j^ujjS-u u jSj* : Jlitf 

NH4HS(s) ^ NH3(g) +H2S(g) 

y* (jlj—3^/1 JuL ii^LJI oL5Jll ^jJLc (J_jS>uJI jlill ^Uaul) (_ji^ll hi.r i. l l yb LIp 

i>jJI 6 3* jJL (jfjS^II ojLj y* Li . ^°25 .Lc 50.00 

F ' _ P NH, X P H,5 
r NH 4 HS 

l£L « j (j l£L o^ (jj^jlill (jlj . 5-s^-jJI jjL^j ^.jl.oll k_o5jjJJ h«. a! I JLaJ yJ > yu 

.^y!33l hi-rJI iJ L fl j J bjLu (jj5b! (jl I.. 1 »« L > ^JjjyJI hi.A.l.l yjjJlj (jyliJ Lfljhj ( L,JLjyj 

Pnh 3 - Ph 2 s - Vi Ptotai = 25.00 cm 
Now Kp = Pnh 3 x Ph 2 s = 25.0 cm x 25.0 cm 

= 625 cm 2 

25.0 25.0 

= x 

76 cm /atm 76 cm /atm 

= 0.1082 atm 2 
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***** Llljttl (12) 

J*UHJ 0.403 ^ K P cJtf 1000°C ljj> i>jj jie : Jli» 

FeO<s) + CO(g) '» Fe(s) + C0 2 (g) 
j FeO(s) oL ,j~ol j»_i . 1.0 atm jj— * 51 k..».A)l <jl£ lj] 

SJL»- Jl JjlC C0 2) CO (^4 (Jill .kyv«eJI jjA Lii . 1000°C J It 


FeO(s) + CO(g) 
(i_,.ljjJl ja«) 1.00 atm 

-xLc) (1.00-x)atm 

K P = 0.403 = ■ 
0.403 = ■ 


Fe(s) + C0 2 (g) 


(x) atm 


x atm 


(1.0 -x) atm 
x = Pcoj = 0.287 atm 
P co = 1 - 0.287 = 0.713 atm 


Le chatelier’s Principle 4Ju3L*oi Ijum 

t-ijjJb C-l_>o obtg t-jjJ J Imxu ji 

oljjjull 6 j* Jii Jjic U^ulJ _jl t i JaJLflJ I £►« 4~el> 

— 1850) o>j-4 j_i u jt L yJl 1 »4^S’ Ul yljj) ^jic 

JJL> j ^Ltu t .LjLoJL UjJI Ijj ” Ijjui uaitj . (1936 

jl Li Lo l yi" J_» I ijj^l j <jlj3^ll j**i> <Jli <jlj3l 

|»lkuu] |»J^ i±> J l><^m> oLi (jljjj 3JL> j j»iy0 (jj iilkll (jj (jioo jl jl^lf (jj OjL Ljii-I 
." ^^4 <j*Slp >.<.«■ > jL«JI jl <^*J! Jl *lj~> 5JL>J 


uLp^t J* jrtfytt Jjjb - 1 

The effect of Concentration Change on equilibrium 

j »Lkj j oUjSJll (j_» J >-\ji jjSjji) (jj 4^*5 i _5 1 I iS.Al ^Jt,uL!SaJ I Jal UjJs 

oja_Sjj oLi_jiII s>\ jjkj Liili . ijuU ofjijlf ^jSL £|l o&y-> ilL> 
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J! .v pLtuJI 4_.-SJ Jj*,; JLiILjj , 3JL> j yt j iiuLdl 5JI»J| 

. Jj'il 4, ^ u u ii <j_i (jJ-tfi olj-^i £>y&j . j— >l oi^L> <>* tij^i 4l »- jj 

y_* J_s) j_^jl>JI cujIj -ujs <jj ojL* ji$y i>* lia>l _j3 

Hz, N 2 O ch*— j j^tjJ «iUj jl_jll ji$y j <j»oju , JjSl 

. JiiJl lj* J* h 2 o, n 2 

N 2 0(g) + H 2 (g) * ~ N 2 (g) + H 2 0(g) 

Jlu^I Sjl* b_«J.A> (j'Jlj . ijali Sjlj>JI OfcjJJ CjuIj (jl t_yo yu 

J^Uj 4 j 41 A boa < plbjJI (jli , yiL>JI ‘^1 Jl 

4. !>**%)! £J 4icliaJ 4 > L IU ji$y J2^ *iUjSj l5j>-l ^t wt) (jJJkjjJjSl 

. 4lelilil jljll ji$y Ji^) <*>lj <j)j3*il) jl* JIjJIj) • 4jL«JI 

OljS’J/l jU 5jlj>JI jjl *J ^ub - 2 

The effect of temperature change on equilibrium 

Jl cSJje Sjl jjkII j . 5jlj>JI 4 j»’jJ y\Jj <,uL^*j 5JI o^leliuJI 
3JL> j plfeu Ojlj>JI •Lf’jJ ■ 4^1jj LSuJ ljubt (_you uj . £lj3*jll 4^ljl 

4 __ol» 4 _ t J ,«* 1 l s j— * (j! ^uo— <J Lilli ^«!l ji . Sjl^JJ (_voLol»J bliji> f jli . (jfjjl 

l jAt 5jlj_>JI 4_>jJ ji 513 ^iy < 43^1 4li»Slj OJjlL 4 aI, 1 « J I ijySj jl BjljJ-JJ 

. JlUouJI 


The effect of temperature on solubility iubjjJI 5jl ^>JI jaJU - 1 


Water 

Excess 

Salt(s) * saltaq 


: Sjlj^JJ o>L* 4 < \ < 't~ jJLs 1 K I ^Lll IL. by y> 
AH Forward process 

Endothermic = positive 
AH reverse process 

Exothermic = negative 


4jjIj OjI y> 4>-jJ jic jjL* j jic 3JL> j J_^Lkjj I W.ny _jJ 

j ojL^jJI (jjJ-3 bj j— • 4_>jj ll*jj jJj . ili* iijAJI Sjljb> 3_>jj oulj 


- 438 - 





(_yoLa3u»b 4 jl>Loj ««H iji (_5l (i^»Ul Qjljltg) ^JUI «lK<~ j Bjl^j Jl SjI^kII 4->jJ 
Jl liJj-i Oj— > oi* (jl t J^aJU i j>-\ ^jujj Sjl j> 

jfj y ojlil Jjljj yi (jl . OjIjJkU OJjli? , (r 6 V 6 rS 6 toll QjSu j) f o/lj^LJ J Lot 


4 ijm <Lljj ^ I->j J ojbj £* 

^1*^1 oljS^I 5jl J>) \ j£b- 2 

Effect of temperature chemical equilibrium 

ji ^ Jtf liuJI jl pJUil jJ 

■> .‘>g jj uuulj . ii* Ojljj- 1>! j| iiLiU Uj 4JISL* 

. 4jjJLu i->-jj '~'gj 5JL> 


CO(g) + H 2 0(g) 



AH - Forward 

Reaction = - 41.84 KJ 
(exthothermic) 

AH - reverse 

Reaction = positive 
(endothermic) 


. jlj_3^l .)ii.ig |»l h'Jl J jl^tll ix>Lj Ja>^U 5jlj>JI L>jj oLu JlmI 
yli i (Ji^l Sj^jjk)I o-jjJI a jjt ale ^LtuJI ouuj ^UaJJI ojlj^- i>jj jii 

jl (jl i dUaJ L«ju , ojj i . >Iil Sj)j_*JI j— i oUaJI sja atil <« J L> j»LtuJI 

yj—^SUI < L i .- ^ 1 ^jJU (j_* »Lil oLjyjj* £_i J^Lijy j .Vj .„!ifl 

^Ij-i 0jl^>JI j ytfjull li*_) . Jjlt ^U^l J*liS)l . j^jja/ilj 

. Sj^jjkJI oIm oi_^j £• ojUj ^>1 jljSl ^1 J^jll ^jl> 4,p>U jljj^ll 

(jt imSifi jlj—al < £ j J > <daj . JtfLull 4^jJ 

.jL^I 4£>lS oL*jI 
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1 QlJMt ( 12 ) 

jljiVl ^JU J aiu flJ I ja » u jxib 
The effect of pressure change on equilibrium 
. iSj'i yl\ j.ip j j&i5 jli <J 3JL>JI j ySJ ole J^Uj (jl (jl ^1*11 o* 

■^yey. jt&i tju»J diljj'lll j i><j! J) lijji •— i_J— « j jjjAlll jl ixi-oJI j jaillli 

, 4><jUJI jI^IIj jljil (^o j.ip j jt*j Lf^s ^ydl JplilJI j 


2H 2 (g)+ 0 2 * H 2 0(g) 

2+1 "* 2 o/iyi jsp 


Ja-jLo .11,,-vj «J I^»ol» (jjoSlftj 0 Jjjjj 4<.U« 5Jl^Lu<l j (jjjll J^LioJI I jjb (jl u&jL> 

jtUa.jJI (jli t JsjLoJI L1*3j Jy — JjuLj Ojl _^> JJV X>lj (jjj« 

JpUDI 2 Jl 3 (j_o 1 , 5 ! d)*^_ll J J «J Jfjli-J vi) Jj>oj 4_ilp ^Jl^l I K».nl! Iaju 

. <j±4jJI Jl (jljj'ill ^Ijy . J2 j ^>JI t ^Ui 


0°C 


ice 


1 atm 


<£»lj (jljS^ll ^1 ji ixi~oJl . Jllll li* Jl _JsJI 

AH Forward process = positive 
Endothermic = positive 
AH reverse process = negative 
Exothermic= negative 


water 



ol .l-iji^jJI £li JlIc iiijtf<j ^JlU I jl^_ou| JsjLaJI _yt3 JlHI la* jj 
■lip (jl_yj 3JU- j t-Ulj ^1111 (jl JSl>}U Ljjli . (j t ;.U.>»'ill JLx-iJI jl ^ji>JI i_Jai!l jjp 
■bj_L>ll (j-l* la-iLaJ I Jl j j — At *J^3LiuJ Ijjkj tjyl\ ji~eJI Sjlj^-j y>- 1 

jl Siij'i) *■(->] J (.Sjill ji-cJI 4p*jJ jiP Ja_^L>Jl _)li . y* 50 tjiju 

cjj — •* t> JLoi I O-iL^ji . till > 9 LIS' (jj JJf r^ill iiLiS" (jl ^jlull <j-*J . (Oj! y- v_ u .Jiu 

< — ji g ^il^ll JaA-cJ! Sjl^j j^ilj £li ^LtuJI <j*^ *0 Jl ^HJI o«J Jl 

IJy (jli J IjJ U_j Js_jL>J! (jj 1 (jiHj Sjl 'y- Jl ^JAJl ^liao illjJj 

. 5jl^>JI (jj Ji^l <>jjJI so* jop (jlj^AJ jjjjfc (jli JUJLj J2J i»^ L» «j I 

. ii_)i!l ji~oil (>* Jii 
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(12) 

j <u^ll <UjL« 4£JI oiUUull j^uu 
Some industrially important chemical reactions 

; l j3» <^cU_eJI 4 » ^ 1 1 tZj jLplixU Cj^LclilJI juJj 

i- N 2 + 3H 2 *=* 2NH 3 ; AH = - 92.46 Kj mole" 1 

ii- S0 2 + , /20 2 ^=* S0 3 ; AH = -97.9 Kj mole" 1 

iii- N 2 + 0 2 *==* 2NO ; AH = + 90.37 Kj mole" 1 

— iii i 4,ilti»H — ii J^lijJlj t ^t* 4^1 «,g — i J^UiJli 

. jj* JaJua »L>-I jj j.°25 Sjl \j>- i->jJ Jjl£ Cj^>I dijLelijjl 0 jj> (jl 1*5 

jjla — 4 jJUc — 1 

A-Haber’s process for synthesis of Ammonia 

s_j J^LiiJI Ii* Sjlj>JI j^Jb (j&j : JpUiII jjjb — i 

: l jt> f25 oJj> 4>jj ,Je till! (jb ^L<j (jl 

N 2 + 3H 2 *=* 2NH 3 + (-92.46 K) 

o» L«a*il Jl jl — * , j l l Jl oljj^l '-jy (jlj3j ^1^ J J^Uill <ji 

. ljjj**il ^1*31 j Ojl^j (jli J»ji>JI Sjlj^« 4>jj . 6 jIj-»4) 

B-effect of pressure : JaijJI jjjb - 1 -» 

k.*.All j Sjl^li (jljj'il ^>y» Jm*a!I J,ub (jl J>L*II Jtill (j* J»>-}UI (j* 
j Sjl<j Jl <JJjy (jlj 3 ^! *!!■> J* J>«yb Jj** <> 
•^oy y> t*5 . J_j* 2 Jl iZjiyt 4 (j * 0^1 JOC j t>«2j Jl (JJ)3 Sjl^l (ji (_yi**J 
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Table (1) Effect of temperature and pressure on the yield of ammonium 
(Haber process) 





400 

500 

600 



0.08 

0.014 


Mole % NH 3 in equilibrium mixture 


10 

50 

100 

300 

1000 atm 

51 

74 

82 

90 

98 

15 

39 

52 

71 

93 

4 

15 

25 

47 

80 

1 

6 

11 

26 

57 

0.5 

2 

5 

14 

13 


Effect of concentration on the reaction jsS jjJI jjib -_> 

• Kc it* 'JjJ J»La)L CjuU iy£ 



iSJj-i '-jj — •*> jl j£y j IJ*I liuL) 

. ^>*^1 yZy j 5jLs»j Jl 

Ojjjill J+d idlj JXA>2 — 2 
Preparation of sulpher trioxide (contact process) 

: JJjIujJJ LajL o^aSJI djJli lj SO 2 jj* 

S0 2 + Vi O 2 *=* S0 3 + (-97.9 Kj) 

it-S-Aj i J jjj t hw.Alij ( _ r Lc . 1 » ~«j Cjuuj JpUsII Jjj«j 

dJLH (jlj-jMl cjjLJ (jLi 4 . .At V‘u jjxi . jjlft j UjL. tj* 1 1*^ 

Ojlj^Jl jfcij .u£j . ( *yLj <uJu (jljjMl Jl j u u^ 5 i 

liJO ^lijj £>4 Jj JjUj LiOjU JMijJI Jjjm j Sjl^j Jl (JJjj Oli 

j I Cjyj». 5)1 J*-£l Lj it* fJS . 4j ,p L*k J IjA Ujuj . t voi>u^ 1 

. CjjjjSJI JjL~>SI ihJLj ejl^j Jl (JJ y *SMl 
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Q1JWI (12) 

Table (2) Effect of temperature on the equilibrium at P = 1 atm 


Temp; °C 

200 

300 

400 

500 

600 

700 

K P 

5500 

690 

160 

55 

25 

13 

Mole% S0 3 

98 

91 

75 

61 

46 

31 


j k-jL-wll* OlJj O ijjf . £JI Jj— wJ u uJ J! (J 

JaJLAlf j ijcyj ... < CNlj ^15 cj L^ la.nJ I 

j wAj * —> (jyj ul I ill >< 1 1^ i 600 0 «j! jj> <->j j Jjf jit 

5jlcL-«JI J—jIjjJI j ,500°C Jl 400°C <jj 4 - < K ij^ U Sjlj^ <>jj jit ®/* 

. jl V 2 Oj y^*L> 


oLuJ jjl — juMSujj 4-tIo.ff — 3 
3- Brikland-Eyde for fixation of nitrogen 

N 2 + 0 2 *=* 2NO + (+ 90.37 Kj) 

Sjljj» <>jj j Ijulil; s Oj-ollc (jj -u-»£l CMJ^ iji jl>j 

■VJ.I...5I (j-ijSJ J—oi^ . tjl IjljJI Li . jk* . 5jlj_>JJ oaL» J^LiaJI yi U5 , iSjilf 

■ (3) Chh 1 -* y* 5JLc 5jly>- cjL>jJ jic yjj>*jyii!l 


Table (3) Preparation of nitrogen oxide 

Temperature, 0 C 2000 3000 3200 

App., % NO at euil. 2^5 

yl iyt <i»UI d)ljLi3l t (NO) yJJ*-JyjuJI Jj.afTI y j.A> Q 

j J^> o.ii . 4 (jj>-jylUI L4L0 t (j^>j^ilJI vLI S aj JL>JI j jjjj 
jl^Jtl jl ilplisi! o*iy-ll jju-c j jjJu y> L*Sj y»j2JI 

(j (J-oij UyiCj . JsuLoJl £4 J^UjJl £)l^y «4 j j a*i JljJljJ s OOllJI 

. (jjLc (>4 Sjbj j (NO) 
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ojti — a j! j > Jlj ^LtouSLlI j! jjVf 

Chemical equilibrium and temperature, the Vant Hoff Equation. 

SJjbulJ L2 jJ » i 3 - JjIjaJ ! I *C j . I ■ j ' 1 1 LfSIfut .) » L ‘ 4 , 1.1 j . nil ! I 

. i^Jlill oljUJI 

AG° = - R T In Kp 

itf in.i. Al I Ojjuj OjIjaJI 4->j jJ 4juuJj L> SJjLnil OJA ( J t uo&L>j 

f^>l = _ RlnKp -RT^ 


iJuL-Jl JJjUIL* — RT In Kp * » j<I Lj (AG° ) JIjjlLkIj (T) j JJjUII yjAj 


MG1) = AG° - RT 1 


— iJjLoj (jli 4^>l,t2j| 4jJL> j OolJJI jljilj Lilli jljll <jj£u Ljiej 

. Ojj-eJI OJA ^ylp ( j _ j5u jjJj^-doA 

AG° - AH 0 = if - ^ 1 -20 


4.»»jlVll OJA jisLui) (20) iijUlb (19) iijUll Ojlijjj 

RT 2 51nK^ = or ^lnK^ = _AI| _ 21 

dT 5T RT 2 


j jjj—ilJI ijySj AH° wI_ l l 'v c tjj_A CjuU 4_JjIajj (21) 4-JjUlf 0 j_A 

<UjUil oj_Aj . il^iJI iJUJI j 4 — a JUJIj <ltliiil jljll v- u . > j » ^jJLSjMl 

OjIja- oL>jj jJla (jljJ'il cjjIjj yljjMl (jj JaIaIM ojIja- j&ju 
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dJW! (12) 


41.00 c 50.62 H2(g) + 12(g) * 2HI(g) ol>15 : Jlia 

oL>jjJ! ojjt jlc iiltJI j j^ull >. i.«>) . |»°500 t j»°443 oL»jj ,ng 

. J*U2)I iUjij 


i- T! = 443 + 273 = 716 K, Ki= 50.62 

T 2 = 500 + 273 = 773 K, K 2 = 41.00 

NowAG 0 =- 2.303 RT log K P 
a- - AG= 2.303 x 8.314x 716 log 50.62 Jb^U 
= 23.365 Kj 

b- - AG= 2.303 x 8.314x773 log 41 


* 23.87 Kj 


ii- log = 


AH (T, -T, 


Kj 2.303R l T, T ; 


. T _ 2.303x8.314x617x733, 

AH = log 

(773-716)1000 


41,00 

50.62 


= - 17.02 Kj. 
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<^411 fljMl ( 12 ) 

^UuSLlI oij 3 V! ^ SJlJ 

dIjuL>l £-<ij ¥ ^SjjUjjJI ijtjj'ifj I ,_(eUlJl (j^ _y»l» — 1 

jlj.j'Jl ojjLU jj_ju«jJ! jU.~-.tl j *(— S.jjJn.' .ll W itjt ijLj^ ¥ A-JU5J I L jj«j (jjjU y * U — 2 

. jtjj'il 

. liulill i—iy> cjJUJ j j j Lul ll jiil — 3 

: ^rJl J*UaJJ K P 

2 S 02 (g) + O^g) ^ 2 S 03 (g) 

(K n , K x , Kp, ^yAj jljj'il OjI_^ 1I 4 iJl» ll £l_ySl ij+i iujj ^jlll jit I — I — 4 

¥ 0-L>(j 4iil>J| OoljjJ! l jD ii-b ^44 jjU y i <jjle ^Ull K. c ) 

. H2 -J jjJ /J_J 4 0.4 ( N2 _1 jjj / Jjj 0.6 : ji~eLxll — I_J 

N 2 + 3 H 2 *=* 2 NH 3 

* |»°400 jIp Jj 4 jiJ 0.51 l^jLu cjjU yl jjfcj 

. (jljs'il jIc NH 3 
¥ ijuu (>p tL^ju _jaL — 5 


»l^«j £ 3l j4 aISj^U tiuUl ¥ y<k5l><i« jjJLj^SJI jljJ'il iy <*-iy£ liL — 6 

. t l fu U J LuLflJ I j»lj30— .U (jljj'il 0.1 Ij <3^(p jit I . 4jftJua)l 

NH4H(s) ^ NH3(g) + H2S(g) 

(Jflill) ^I qjJL .>U C44 U i_ju4l>I — 7 

2CO2 ^ 2C0 + 0 2 

0j(^_> 4_»jJ J-iP 10 12 X 1 .24 yJt 1** ■ Alt |,ljjOu-,b C 44 U ji jj L p Ijl 

, f °1400 
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64* li - jd 


Jxj jtffkj jj ( ( jjl L v > ^J I (jljj'if 3— IjjJ 4li£JI Jj«3 yjjli t jijOu ol 

jJ-iJI oLiljj^l jf . (jjjL>oll (jljj'il (jlfr iliSJl 

jj h*i» (j_* <L.ai»L * Ju ji «Jl oUljj'i! 3_lj j JjLu ySLjil (jj <5li jjlcj . 

I Sj^li 

3_5!>Ul ji 2 .i_.tl j (Willard Gibbs) 1876 — ^Jl— «JI j_sJj 

jl ,J5 LmJIj . 4_Jl>ai! ol3ij3“il lajji ( jill <jSjj U,; I 

£jill jJI kk jfcJL ^ «..<j 4 jlj*i! ^Ul ji 4ill»JI £ljj*il oUljj'SlI (jjjj 

. L^y^lj t t JLkj j SjlcUJ! jjJajj , ! a i— » tJ I jl ^LuJ! jl 

: Jljdl j>a)l Jjlc olj-ol^j tjJLflJI jl £jtuJI SjLpli (j# j jA w ill j 

F = C - P + 2 

Number of degree of(5 oL>jj jj_p (F) 

(-Uk-jSlI) ^jkJI jjjs - P t 3Jl» jJlc ^l£dJI j cjUjSLlI joc - C 4 freedom 
, JkA-fiJIj Sjlj>JI LaAj jl olj^Aill (Jju^ (2) yy ij 4 

i_i j-iu ji ji ij_iil <j_» 4_!ii j»Ltu (ji ^_ic SjlcLaJI j ...t,i J Li ] j — i JjJj 

: (jjjUJI IxfJ iiilj,jjL*iII 

pl_fej jfJuO . phases - >J juall - 1 
6jL_>Oj *•!_» i £_b y_» (jj^L* (j-S^j (jiJ-« 

(J5J (jjj.ii. 'v .t l l kjX t J b (jtf (j j . Lfu L u j’ 

Jij— u J5ki . (1) JiLi ejjfc 

(_5j_i>o (j_C J—oiujj (j*jL»a«j Oljj 

jLiJIj (*•!__») (Jj(_> 4 (^-U) <jLo 5jL* ( jifi 

Fig. (1) Heterogeneous system ^ ^ LT ‘‘ t ^ S 

. otLoJI 
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4_JL> j 4jl Jj2j li*j CjuIj (JjLiy h».A <1 Jjl£ ^UxDI |jj»j 

. ydjl>uU yji ylyjl 

jj e JJi j_>L ^LkUJ ^Uj5Lll jjl-c : components oLi$sUI — 2 

4_JL> j w)jlA< i_i'uo J£J «— ij5i jlil yf jj.u»~.l 1 ijgMlII oU^SLaU 

: < 11 * “ill ejjt (jj L>v-olj ui^yull Ijjsj . oljj'il 

JLHI j L*5 jLio — (*L*) JiL~< — (^Ji) i — i-Lo y_» yj plbJ yAyjiiJj — I 
j.L-»j oA> »L*1) J_^t>JI ySL*^ 

£)l ^ ybj Li J . H 2 O *UI X>lj y^SL* jl .LuU i>-lj i— l5y* J 

Sjj — Z* yj^yjj^l ■*— j » *T ... ? IjLl y*>j— »S*!llj 

y ail Oj_,,i >0 0Jj_>-jil (^>^_. j*)Sl 4,}*^ y.i^nlljj 4 <±t£ ydii) JaLuaJb 

jL_c J t— »Sj • ‘rV'y—l H 1 : 2 ( 6 rt*>— 

Lii.^i Lui jJj . ulj-Jl 3-JU- j £* L^J ( j s L3*j~t£*:ll jlej 

h «ll yli dJj Lf ^j iJjLmJI Jl JijL** jU£ jl (Jiu-fc* jli£ 

■ 4 y£»J~«£l 4 ^15 4 *l» 4 jl»«j L yJ^ l5jA>v^ jjULCV 

v t .i . J >■ ^-.idllSJI ejt_j^Jy£ <Jl> j L»ljj £jl y CjU^SHI y* yi-l — l_> 

(CO 2 gas) yj—i y£J I jj. -q ^ l ^jUj C 3 O pj.dllfJI t..il.« ^y Lxj J .‘.,Kj;.j 

, <jjly»-JI JJjUil SJA y^jiaj j US' 

CaC 03 (s) > CaO(s) + C02(g) 

4 V-J- La II j>_frl.,,.'l£JI CjLJjj y£ 4uLj)£L# Jj}U JJjUil y* Ja>>^Uf y*j 

C^LjjSLlI oj_A yl JlSTJII (jj ySJj ( y_^jy£jl Oj.d ^ l ^jjlj jLftj 4 _jlLoJ| iSji-JISJI 
^Luw Sl yLi IU . ISjLh Cj J$j (J jJI CjUjill j ljjUu y> jlfi.ii > 4*>.djl 

y- ^Aj kiJLUl yLi ^ — It Cx2\ '-jj* jJ l f . A n. u jLd) oIj^SlII ji 

yl y hl’ li I y4 <jli J.j...d5l 4 olj^Jy^ Iji jt ji '^1*3 . 0 jls^l 

. lji*J ijyj ySJ I jA 4 UHJI 

<jjb«il 6 j* WLd. > ydjL> ^Uaj j — 3 

PCl3(g) + Cl2(g) ^ “ PCls(g) 
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u ii 1^8 — ji 1 ( 13 ) 

iaJt i |^-wl cjU^£1I jj— c y-Si Ij jI_j_L cj! J^£j iH jli jjkj 

4jSjA 4 j*' *j kill HI I 6 li (jrfjJI i_i^c i ylj3*il i!L> j 4l.<>~» litjUll cjU^jSlII 
t i— i. — t il l j Ijjl . (jlj3l 3JL> j jjJLSJtj j^L«ydl kiillj yl jis . (jljj^/l ->j* 

L>- <jl l ,»^ 2 li>k ~ jil » L > 1 V_i5jil (,5 jL»I pUauJI jm; i!l»JI OJA 

j^i—i Jjj«J Ojjli ^J n .< l l Sac Li i— HL kIII LyJLiJI j . jy . *y} I 

. > j i. ii ‘ i l l \ i 0Jjk>jil Ol;_j£j jl ^jljij^ll k_i 5 jil 

: i^j^l iljLJlj l f ic yjvj ^jU'il o>L5j4 — 4 

Na2S04 - IOH 2 O ^ Na2S04(s) + 10H2O(<) 

P_ii 4 cjLJ ^£ 11 (j-£J j <■ 4 i > l 3 > k« cjUjiLi (J 1 a iJjUll ^5 _jl>o ^-olj _y» l»£ 

, (Na 2 S 04 + H 2 O) £jJ»-JI Sjktli J^tuu (jj y y> L»£ j jail 

4 jj . 151 1 4 4 ^j_,tj^<JI oLijJ ^j-Lc Jjl>«aJ j >- I Jll» — 5 

L»jjj : JjUu -4 — its - [Na + ] + [K + ] = [I - ] + [CP] ibUll « j* j UJ j^oJI 

"J ^ItuJI Ija (jli . 4i ll >> j jjL £jjl j ^jljii (jl (jSLi^ -LJL-Jlj Oj>^ 1I cjljySlI 

^a (j«^J Ija . (*l* + £^-*l ^ob < — 4-*i jA-jj yl 

(jli 4^1«j . J^L>kJl ■ *-L«JJ oLs^L ^jUI lijli jliiO jl jim o'i 4 

LyL-u cjU^SII (j_* j_>Ij jl jj ^ >«»i 4 oiUj 5L« (3jl>>^ jjLtuJI 

oU^5l 1I j-* j— >lj Jl Jj 'i-> ^ i_j j — . Ii*>l| jli [P] =[K ] (jSLjjJj idUl otll^j jU 

. JyL*k*JI OL^jjuJ tLll iiLijllj Jali (jja*Jj yj lLl I JLilljj kiijllll 

^UauJI oljjjjLa — jjAill 4 jv jJ 
Degree of Freedom or variance of the system 

P i .All vulj^AllI JjUI JOC J3l |_jA : r l£jj| _jf jj^KllI i^iyu 

<jLi Ij-^Jj 4 (jj-i5l j JJ*il i jJ* 3_2jLj (jj^j (ji 4i>^ 4 ‘ Sjlj>JI 4 

jj— » u3l 4_»jJ (j_» 4_ljl_>JI I j_Aj , UUJ iijjjAJ j^£j (jl 4_JL>k^ pLfcqll 4_al>JI PjjAll 

; ijjj^/l -LLL.S/1 j4 Ij^> pjliu <_i^w 

ijj-it yJ> L*^ >ilj »T» (j.i i^» ih .«I^j (>iA» 4-lil j jli jj It _jLw 4 t u^ (_>AjI<uJ 
kill l_UI J^illli . ( ^4K>JI 4 h i. Al l) kitjUll olj^illl (jj (j^iil Lulu ^li . (2) JiiJL 
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Fig. (2) different degree of freedom 


-tjiej t CjuU yy_£j LJ! 

ij «J >_jy— x fUaill yl_9 


^ A 4y}(JJ| CL-Ijjjull JajyX 

f Utf (jSl 4 PV = nRT 

olyj.i'ill y_j yj »*l wiJOJ 


5opL 5 yjjLSJ y-jjJxuj ia_2j y»Jul yy— yli 4 ^JxuJI JJP j yJJU y_)JJ 

(F = jjjjil (F) <->jJ 4 j^Ij yySLl 

j jl—*oj JjLx l»Aj < yJ Oj^i (2 b) lj . (2 &) 1 — 1 + 2 ~ 2) 

^Uaj . (F — 1— 2 + 2 = l) 4 yy»oJI i->jj yj ■^ a * 3 .a>-Ij Oyl^ <3li (jljjl 5JL> 

j! CLujLj yy-Sy t-ill Ja-A-aJI yLi *i->yJ L* 44 " _jli 4 OfjSj <JL> j y j .>J x »» O'lj 

Oli glj-j'il iJL> j Lut2lj <3li ofyxAill yj yXui ji x>ij UyLt y) . y^SLuJLp 

. J&&, > yJ Ji>-!y j! yxAjy 


<IL> j { yl»yy (*L») (Jit— « (^15) — v^ixa } ^yi»-< *5^ y» u^^S! (2 c) |>lkl!! 

Ju>ly |jj*y 4 ) >>uJI oL*yJ (jl 4 yi~o <_5yL*j (F) ) y >oJl ^>j-> yli ylyjl 

(F = 1 — ylyi] j ^yla-x (JjC>>jJ 6yly»JI <J*yJ jl I wvAl I CjIjJjuI! y« i»A3 

OuLj Ji— C ^...Wajj Jjjuj l < |>LkU( ylj olyJ*li) y# J^-fy l3ytt _)Jj 4 3+2-0) 

j+~eij ^ 1*11 ■> >«.'' 8yly_>JI 4_>yJ LinJy yj . yUXt^ l^SUJj ^-yL-JI JAC yyf^y 

. Ij&tJ ^Jj Jl dy»U^ «-UI yli 0j!y*JI <J*yJ U~euL> y!y ijil-x Jl Jy>uL|y 


Deduction of the phase rule ou^l o-x^U f4juuL>l 

C — 1 -il'j ‘C 1 1 J J_£ 4 P — ^jh ..ill JL. S’ (jlyjl iJL> j yj «l »LL; yeylij 
4 T i n^yj (C - 1) OJ-^I yj »~i< < , ,k-xlyj ^ULS' JJJ»U . .Ijf yj yls 

— <Vl dJjJ P (C — 1) y_jS2l olyj l_5yJ«J yl t_J ->0 4 P — ^kJI 

yj-iij P — II (C) (jj * * « H y^illl OJ ^.|i< Syly>Jlj fcuLttl l l*Aj (illywjil y4 y^iJI 

Cj[yj.«~ll 8 j__» ijjj — >o cJjLm J_>_j3 yl 4 P - »wK..i P (C — 1) + 2 

Uul Uyiy Uui C (P — 1) ^1SJI <JjU1I Cijtoi (C) 6^* 4 (P- l)yAj 
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j a j J jjJlJ I jj -i. l l I (jj C (P — 1) JJ-lLidlj [ P (C — 1)+ 2 ] iZjIjjUIII 
o if-j (F) jj_>oJl b li»j P (C — 1) + 2 — C(P— 1) = C — P + 2 

. F = C - P + 2 ibUli 


One Component systems 


jyill <uJmI 


■L uib cJ I olj j- i ll I j-» (jjJulj . 4jiuj OJj^-j Ojb (ji Jjvljll jjSLII (JjIjC t_jjAj 
iuk>J]| Ji—Jb *Jjla. ‘ > jl jSL»j ^UajJI life ( jj»J b* 3 jIj>JIj 

tjj_*ju ^j_£J CUjj,‘ *>Hj »UI j t <jJaul TJ^> l_ iy*J ■ fijtj>JI Ja u Loll 


j< Sjya-jil ^k’ . . Jl 


The Water System e- 1 — II ^ 1 — £u 

t jJiJI) U!>0]| -dLSL^'i *UJ (3) JS^Jb jj« y» LS 

(O) 4 hiiil l j ^jS^Lyj (OA, OB, OC) olji><i» j* jj£ujj 1 JjLJI 

: jbtiil si* jr^oyj BOC, AOB, AOC <oL»-1~»a 

ij jLiuJI IxjuaJI — 1 

Ja-i-eJI : (OA) ^yjUl JjLoU 

J a>j . Djlj_>JI ,JjLJu »L»U tfjlioJI 
Sxvlj Oj! y* c>jj (Jjliu Ixi . AU bji 
jljJl iJLv j 4_laji)l jj_£u LajuPj 

Sjjli jjatcbj jlaollj JjLJI jj 

(Two fUiill li_j> ^ 

'wwi jj__>a3l 3-^-jj j_>b Uuli phases) 

jl iaJu o J) LjI jj_ iill <jjL>( <jy-5ij 4 jl gj t F = 1 — 2 + 2 = 1 (jjLb (F) 
8JJls»j <aj 3 (K) <Ja2jJlj (JiLJJ (JjliaJI hi. nil ,Ji»j (OAK) ^yi>ullj . 5jlj*JI 
— ^j-9« Jl JaJLflJI 4 .hsi) , sLkioj'i (Water) *UJJ i_jjl»uJ! hi.All (OKA) 

JJLJf ^ la— < jj5b l*JuP_j .^374 4jVj>JI 6jlj>JI 4jfjJ jit Ojlslilb ( yv J» iA 218 

4_L>jj — (0) j_a>u!I 4_>jjJ (jALiAJiU Jj-ajilj . jl>.. « j.‘i»j j*jb*«J j jliuJIj 
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t (O) jLjjhall 4_J*jJ <j_» J_9l Lu>jJ Jl J— ai <jl <j S . Jil — Jl J «J - Oj — 4jUoil 
tjy^i L»jicj (Super cooled water) i twill 4_>-j j jji ill & j> ol*Cj 

.1742 c t u >^ >j^j Lfk>-'i l*£ . JJL. Jl Jy*jy ^JSlI 

^jjoOJI I jj>j jL*JIj ^Jill i^u yljj*il <UL> Jity :(OB) ^u)Lull ^JoUw — 2 

±3?yi (OB) ^Ji^all <L2j (ji jJlCj j^juJI 4il j (OA) LaJ 4_uiy (OB) 

i ^Jall Jj_>-j (O) 4_kiill jJtf 4_JI LaS jL>oJIj ^lill yyj yljul 5JLv 

(jljjl i)L> j .u*>* <Ja5J ole till , (J^MSJI xlklll) (jljjl i!L> j jUkjJIj JiLJIj 
ja.Jt.Al I J_>J 4_la)ull sj_» 1 iC . (jL^_aj*^l C>j J) tL* Jl 4j^»u 4 j»jJ 4la2i jJLP ^11)1 

i |xj 4.4 Jl p* 760 yu JauLail 3jjjKi!l UyLuCj i p» 4.4 (jjLuy (jjlAyJI 

. p0.0075 Jl yuo yj ^Jijyj Jla>uJI Ot-jjj 

jl jlf-ai'il i^yj iJ yu : The freezing Curve (OC) .u>.7ll ^i»uw - 3 

<jlj3j 3JL> j JiLJIj ulLaJI Lajjlc- ^^1)1 SjIjaJI LfiL 4yiiJI ejltU j«>i~ill jJJLi 

4_ u u>uJ u 1 —iy* uJLaJI jly~aj| <LS.t) ( jj>- jliJI I n a. Al l yyjJaajj y> l a Jv A JLA-Ij .UP 

y-ib ij&yi j-*j jl—tJI 4_y>-U 4-iyib 4 _>jJj Jy*y (OC) ( _ s JL»oLll_j i jl^- ni *il iloAS 

tla sly (jA.a > i* ^JilJ jly .«->i*j| 4 k3 ) (jl yyjy L*^ . ^1111 jly- i->i | 4 j*-jJ ^JLp jxi-aJI 

F= 1 — ^jL-JI OJplj ;jj Uul yyjj _y* l*£ . 4yjl>-I jy»a)l 4 j*jJ Lcyl . JaJLAJl Ojlyj 

. 2 + 2=1 


Region or Area «L>L*1I jl <Ukull 

4...I~i 5 L, >i>-l Uul yA yju ; (jt>U — tit — jJJ) ^kwl <5MJ yu yjfuy (3) JiLuJl 
(c|) 4 — laSj JI Jl J -. A».* I SjIj_j>JI j nw . Al l j Uy,tC UJJ j Jju pJ P 4 L 4 JJI JulP till yu 

(f) ^JaijJI J| tLfcU JaAAJIj i>yjj| Ui>l y Jil Li j . jl»o Jl ^Ltl^ tUI J y>3 
ytUu iAj^LJ J_>_y <JI ^_L* JlJL* I j— A j . ^Ji Jl Jytijy — 1 tU| (jl Uuli 

(F = jy>oJI yJ (j,uj| J^>j ^j n .i. l l oatfli! (j^ylill jtflj yu Jl»U I jj ( 4al'i.Vj 

4 tl_» 4 g jffl l (^_* 4 — iku J5J JljJlyj . Bjlj>Jf 4 u>jJj Li. All LtAj 1 — 1 + 2 = 2) 

. _yyijJI 4yiUu yj5uj jy>uJI i>yJ yu yjJul jL>o 


- 452 - 




•LjjMjJI <UaAjJf 


Oi-aS S-lcll- jji Jj«1 (13) 

The triple point 

o.ftcli 4 _JLp- j jtLu dj^L-JJl U> jJlCj (0) i-u^AjJ I 4 ka.il I 

d>-» 4— >jj (ji jb>L,» "i pLkjJI yLi l.\ —f 1 (F=l-3 + 2 = 0) J~«p>j lijli ^L-JI 

pj-1 4 4-jlj BjIj-pJI jl t» i i. nl l <j_ * ijl j£t jl ^^*3 j^tjtfl jiue (_$| jjpjl I 

jl (jl^— rt . i l) »L« Jl ^Jolf dyp«-> lijli SjljpJl 4jfcjj Loj jJ (_5 i r-jjLJI j jg* 5 
. (j^Ul Jl 4^^ (1 m ^ k-J I j^Aju JliJbj Jl J y>^i *UI yli Bjl^Jl i*jj Leap 

The Sulphur System OjjjSJ I pUij 

jl ^.«,1 1 o^juSlJI LaAj 4_*LoII kii'iLpJI j-* _i ( j Lc jjiiil oy^aSLlI 

1*^ ^^J^uJI c^<3l ai*i (monoclinic) lijyiill (Rhombic) 

CJ^jxiDI Jl -4 — j La JjJ-.i <Jxju li>»— > yi (j£Jj |» °1 1 5 XlC ji^ojj 4Jlj 5Jlp 

4Jli jjjj-ijil oujjiSU Sjlj>JI ip-jj I iA « > • . j»° 1 20 jJlc jyiill 

. 4j_jP^ill iljUll BOA j* Jap-^U y> l*£ ^ i ^all Coj^DI Jl J-a,) 
95.5°C^ 

rhombic sulphur ~ monoclinic sulphur 
BOA (> Jil ( _ r »JM liAj . J_jpoJI i»jJJ ^jP—3 . r 95.5 -U* ^jJI J^puJI lift 
JJL-JI (jj^Sull If-** y* ^ ‘ >^■11 lisjjaSJl <■»■_) ■*! I 

. ,x»lj yl <j*c_jjJI (jj JSJ (jlj3j 3JL> Jp-_y ip-jo3l b3la jjpj . cjLuJI 3JIp- jj 
jL^ aj *jl <UajLj . Jy»u)l ifcujj jl^u'ill 4,1 a . ; fyu jyu (ji u>y i-.lj.lJI sift Jj 

>..,», La (jj Jjpo 4J Li u! 4 JiL< Jl > , » La (jj jUj jp-I J£Li Jl J5l£ (jj J_jpo 
4jJ^ Jl>o 4jaju olftj . BjloU (JjjiLJI J5-SJI v_ijljL>l £J) (jSJj jP-l v-.t l . a Jl 

j . JiLJIj >— >Lo3l (j^j (jljjl US’ (jal*j »j y> 4^ < uflall iJU lilt BjljpJI (jj 

4.„l,.,l.rtllj 4-11. 1 . 4x1 1 (j^J (jljjl yaLUJ JjPdU ill 151! I BjljpJl (jj J^PoJI 

• >^1 


Solid 



liquid 


Melting point 


Solid 

transtion point ^ 

solid 


(Si) 
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I . i ' n oH tjp'i — ouUU j£- QIJ5V1 (13 ) ^ 

ojlc J| ^m>2Ju 4J! ^uj (4) (J54JL ^xx* y> US k^u^SJl pttuj ^Iuix>all jw jilj 

: cjL>U»j Sjpj oUi»U» 

1. Curves oUi>Ull : Vji 



T*«**ratw» 

Fie- (4) Sulphur system 


cj! dj_ Jp 

: jL US jJSD yljj^l ijxxxJ 

(OR) (OP ) l j^l) - 1 

. clxjjjSkl) t5jl>JI JaJua)) 

(OM) (OM') >ull - 2 

f-jj i S1I (JjUkjJ! h-AAl) 


. 1.1 1 

(M £ ) (MR') - 3 

Cjyjj — Si) (JjLioJI h jU! ^ i - ^ -U 

. JSUI 


. Jy>u)l (OC) — 4 

, kiw^jSLD <hiu (MC) ^jishai! — 5 

, ^.u « 1 1 <ia2j ^> >U » (CD) (CR ) ^y i - Wi l I — 6 


BjjsLS j j.n l aA jj u»nU JS" jjie (jfjjl i)L> ^>vtw x>^j JUJly 
F= 1 — 2 + 2 = 1 Cvjj j 'i . Wu JS J^L (jljj'i! 3JL>- jUp ^Lfeul! 

Jjip <hiu ijl jjp SjljpJI <L>jJ jl JaaLAl l j\ Ul Uj . 


idaijJlj . ^J. 'u « . ! I Ou^jSlU hi . Al l (OR) (OP ) > 11 — 1 

Jj>oJI t£> A >s£i ij'ij «i I OUjjSJI Haw ^is . Jy>u)l ip-jJ ^ j.95.5 — (O) 

fjxJui OuLDI I— j,«il CJj^aSlU (_ 5 jL>u)I JaA-oJI ^ 1 >Uij . (C) it kZi JI 0 jj» jjp ( ji 1 j,«Jl 

Ou^jSlU jl^aj*j) <Ja 2 j t »1 1 5 — (R ) <hluJI ^i> ( 0 ) ihijJI (jj £^i)l 

(j_j-Sj 4 <(juSJI ^U*i! Ou^iSU JjLioJI huLAl l (OR ) J 

. (OR) ^JL>sUi) Oj .a.'i. 

oaj^Si) j_ 5 jL»o)I hi. a) I (OM) (OM ) i ll — 2 
lii^UI ^Z.'UI <h 2 j . ( 0 ) <J_y»uJI <Ja 2 j alp (RO) I ^uLj SjljpJI 
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^ - Ol>-| j Ojj J £11 jLitJJ ■■‘ iH 4 ,_ / » ! > » ll CjUyiSJl jbj ~j}a~a 

t£ iJlj (OM ) >»‘il l 4 j»120 — (M) ole JiL< Jl <Sjy - « U I j^ojj 

. ijuli <JuiJI j . l 1 vijUjj^U (_5 jL>uJI J-v A A , I I yjj u — (OR) ^yi»all j^3 
JiLJI otjjj. -£H (jjl>JI i-i i A . l l ^ Uu (M i ) (MR ) ^lalil — 3 
CjOjj — £ 11 du> 4ju^i <tuU — (M) ikiill jle MR , OM OjLj .!.>•. 1.1 Li ^jilL (M l ) 
— »1j J_1*j — MR yljJl 3JL> j jL>oj JiLJI iou^JLII t ijjjAilll 

. R 4 — kill I ole OR Ojlill <juUI j i >1 | ^yiii JJ JiLJI jL>L v^ulill <jui]| axu] I 
, -iJ^Li 4tuL! jUkJI 4 JiLJI 4 ^.‘unll cjujj£ 1,I lli Li <juill (R ) jjiHj 
J_J>oJf SjlyP- 4^J-jJ (jl* iJufiJI jjllj (jjj^ 4 JjAvJl L>Ju (OC) ^jXSnIII — 4 

4j»jJ 4l t uL»- . t i l A . l l OjLj *-• J_^»u]| Sjlj^*- LfcjJ ^y'ljull tlx^jJI . (0) 

j_1c ,j4-3j3 (OC) . ^5j->JI JxJLoll j SaL^j JSJ ^0.05 jlaiuj ^tiji JjaJJI ®jlj>- 
(MC) ( ^_i>Jjl £_» Jj-illj (MC) 4jailJtj (Jj^iill kOL^xSJl l&jle ^jlllj (C) 

j Jil — Jlj lU lj ^ Ljo ll 4iyjj_£JI yj J£ j_j5L< Iajupj jil51 - (C) itiJI ale 

. (3jL>aJI ^ LJ I yLi j jljil 4Jl> 

^yie ti l a JI ^.jib — (jjjjt l ll vaijj .i.£Ll j l ^ .<i I ilaSi ^i>1j (MC) ^^ULU — 5 

. tilAll ^Lijl ^ ®J<- < ' ,| I 1>”jJ d u> ((.120) — jlf-oJ’jl <kii 

l»115 - * ili <juiJI jl^.^’i'jl <kij ^yLe JalAJI _^il3 (CD) (CR ) ( j l > JJ I — 6 

jJlj iti-fi cS jjlj R C j jl_slLil jljiJ — (CD) ^1 Jill lj,jJ>-l 4 ^ ‘ i j w l l Oi^aSJJ . 
Jl Jj_>jJI (j. . £ .«.! I £>_• 4jli IjJj 4 4iuL5JI t ^i. v ul l 4i»^SJI jlf. J I ituii ^jie talAll 

. (C) ole yJ I^ji^illl vOyyxSJI 


Areas ol>LJL> oyjj uJI 

(R0CD),(C0M),(DCML) and oL>-Ll» gj\ lau^iJI ^LisJ j)£ jy 

ol>l Jl oi»_j 4_jyijill jjie jliuJIj 4 JiLJI 4 (jjj«illlj (j-L*JI (ROML) 

ji (ji (2) L . jail i^jl — -u jj-aJil i->jJ Up IjJ 4 (> Oi* 4 fjr> 

Jlj_-Jlj . Sjly_»Jlj ti.iAll Laa c>££—~ <L**iII yJaULi JLJUj t F = 1 - 1 + 2 = 2 
3JL> j_j 90_>lj 4 kS'i j ^-JjSl ^lj_iSl Jj-A-j y £ « H O* Ja )A !■«. < » ylyttl tiiJI 
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[_ 5 jl ■* 4_»jJ yl j_Aj Jlj .Jl 1 *' a j U ..II sj_c'J . V 

iJU j Jj>-j tfi 4 sIaj F = 1 - 4 + 1 = -1, (-1) 

. J ■ ; ■ ><* J^-lj oJj j yljjl 

Triple points (O, M, C and R') SjiMiJI 

j jl_ Aj CjUjJlS l) I ^ -J O^lill OJA y* 4 t-l5 *1 J£J IbUI i— (IjjJl (jj ll^lj 

(Non- j_L<a i_*jj 4 Us i J_S^ Lu Ja>.}L ja LSj , yljjf i)l> 
^UsuJl j 4 .«.i."u 4 jli jl iuLcJI j ijl (_$!** j variant) (F) 

. ( 4 ah’i'jl 

Two component systems jouS olj ‘Uiaj'^l 

<0 ^Uaj ^yluj I JAj ^jJuJI 4 jj^j 4 tie’ll Jj>(j j y^juSJil olj 4 Jiij 

yj J_£ v_juI>o I— 4 }SjjJI t_jLa,i tfl (F — 2 — 1 + 2 = 3) jy»jJI <>j-> U 4 (3) 4-*^* 

. 4j*.jJj ikA-aJI 

<Lylj olj 0 'y_Jj p. ..»>> « pUsu)l li* (Jl* >iJyL> <iyu Jl 

. (I 5 )(J£lJI j US' SjIj^JIj JewUcJI <• wi jfT jjJI j_jLk*JIj 4j1L5 

P P ' P T" 

/C 

f 

f 

f 

/ 

/ 

/ 

f 

/ I 

f 

/ 

(a) T (b) T (c) C (d) C 

Fig. (5) PTC model resolved into planner pt, PC and TC diagrame 

wjmUII (jjJ dUjJj i o>JLoJI 4i t il*~ (J^~JI c> * olf><jL* J5-JJI 

(d), J£_i >lLJ llj Ouli 4 jI Lf U ki.u a > ,; liJlDI 4_aollj jail yu j»~*JI 

k-jjSJlJI — 5jl_pJI i oySJjJI — h*..Al| t SjIyaJI — JaA*tiJI Jl*,; (^Ulj (c), b) 
4JUJI OJA Jl* J l*„V 1 u Ij4» j j i-o J1UI — >— i L n ll (jljll (jic JmJJI . i-^UjjJI 

kJLiJI JaLa (J* 4 i t k-j j^ jlilj Bjl^>J) La (jlji'l (jlj^Ai* iiUol (_ 5 jj^«flJ| yj j 
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1 «*■■«* ijcil— jjc J J3VI (13) 


e.\ . a F - C - P + 2 cj i.^vl I Sac 13 JJjLu i_ju£jj i^jUJI ijJ> I (J»juoJI j^/u) 


F - C - P + 1 (OuL5 JaiLaJI >* i L < >•) 

(F) <.*,!. j.> oaeLU 3_!ji>dl Ojj^aJLj 3jj-eJl oi» ^lc iJjUll s jj& ^ 

— 5jlj_>JI (jLi JiL-. — i— j_LoJ ( jlj_3'il JK .1 Ij 4 »1 hill <^LuII 4 jj2JI 

<_ijlkil y» v-jjSjjJl 

oJsJ"i! i^jUUI JiL, — iqJLaH 1*5 

Silver -lead system - 1 

(jj-Sj j_ 5 ? (jjj-j Sjj-^Ul i)l*JI j i. i .a<i l l ^ , «.>>,) 4 _AiJ! 

A Ij — *J ' £“0* 

vj-Lo f— »j |*UxJI 
>.< l.r> 4 4 .. -I .Ail I 
Jj 1 >■« ( t_yo\ .njll 

J j— — Ijv» 4 4 AiJI 

jLiJI Uij 
<*< j >■ <JU»J 
<>» £,1*141 3_»-jj 

JL_C 4 .nSlI 

I j ti l .C I j*J ■ IjJf 

4 _! t> «. Al l yLi 

Pb% Composition Ag% 

Fig. (6): Lead -Silver system j^lj 

( j-JsLtk>aJl JSLiJIj 

. (6) Jfu£ ( wjuS jj — Ojlj^fc) »LblII li*J 

(^Lo j_JI jl «qj| 4jaZj — (B) 4jjju)lj 4 *a*}| <LAaJI jl |.<vl 4_ta2J JjLaj (A) 4ja2*)f 

^j_>slil J^L-> <lAa)I <LaJ yAliiOl JaL>^L! 4-AiII Jf iiLeLij , 
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<kii j i i « j ijjJlj 4 (OB) J_jL (_yoL«yi j l ^. o . ‘ i[ 4 (OA) 

<UL> (OBO, (OA) <kaj (jl ,j|j — j l ^. n . i *jl jf (,>oli>oMl 

jryk—.JI O-icLS (jjjLii La. i J n j . ^jlc JjLJIj L«j > _jlLo 4 4- A3 <.-,il.^> 

jl-j-Ij jj-^I yli ij_» F = 2-2+1=, F = C — P+1 JJjiiJl 

J-S lS 2 A i (O) alp - (The Eutectic point) AiuuJI 

oi* . J5UI plauJ l (jl3l i!L> j (A. B) (^jjuUJI (OB), (OA) ^ia^ill (jj 
— 0 jl_y>JI yj-jy tSJ— llj (easy melting) J»iJ aLai)! 

(jlj— il L a j -i c ,JjI - 1 / (^oLaj l-A-o / 5-A3 4—1 Lo ^Itul! i—u^jLll 

4— ail I LajJtCj . 4 ( BjljJxJl ^^Saj^) (JajJ->JI 

j.96 1 4 . <ii 1 1 jlf-oJI . j.303 iuliJt Sjl^v ’/.97.6 j y.2.4 4_ij5^j) < _>oL«3PjjIj 
ji ji_o (JjL»j (F) 4->jJ .‘.F = 2- 3+ l= 0 BACls Jiftuu !j| . 

ji *,~uj ,J_ 1> 4 * j , i . >o 4_Jli 4_u5^xJ! jl t ijx (ji Ujjp jJ LojI Ljjtj jjjoJI 

■ J 5 ^ 1 cr 1 ^ 


2 - KC1-H 2 0 System 


»U! 


Ijl$J ^ Jaw ±>-yi L*^ t till j Ajuljj Jis o ljjua (jySj 

E 4 ^JiSI 4 4-4.LJI KC1 jilkUl 

/ . (7) JSLi . ,L3 mJI 4 J5L-JI 

Unsat .Soln. / V ’ J ’ 

/ 1 »5 . Sjf jjJ! — 4_uS^l]| khA j 

A / KC , t (>^ -A^b) CjIjJ ij+v 

\ y' Solution / A ,-.4 . . 

\+ e (AO) oi 4-^-L, £>_* 

ice n. / 

-^solution 4 rilllj JjLJI tjM ylyj'ill 

D j ice +KCI solid 

2( j 2.« dllj — rtl ^ (BO) 

I 

, 1 4_> l.fill *y£ — ^Ij^jJl .) , ,jj jjS 

60 

Fig. (7): KC1 + HjO system oLij jj_ 5U (AO) 4 J_jl>4jJlj 

J— (BO) ^..i>lllj ( J », •>' . ! I <k&j ^jJooj) vLJJ J 1 4 kfci ( jLe JjjjlS 


Fig. (7): KC1 + H 2 0 system 
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4— la Z j ^*1 * ' » ; 8jlj_*J! 4_»jJ £_i -ill Jj! *■,«!! j pjj-*l3jjJl Jjj^IS' 5 J yjj 

£_» ^ i -* i II j ^—.tj^Jl Sjl^j art! (BO) ,_yj->^IIj ‘ .u-v'ill 

. J^j^ 15 l! OljMl Sjl jjJI 

kli^Li J-»-_)J l»jlej . »l»U J « > » ll l 4iaZj Ji*j (A) J«>»*ll ilsZi — (AO) 


.'._» >~1| 4iaju y yj 4 jail iiLoLj . jLio i Jil— / i ^15 ^k_. 

4 LUJI ^i>- (AO) ( y^Jdl ^jlc J.^a.u ^JjJI (jli oLoLj «-LaJJ 

. ^ 1 » <lJI ^_Le |»^j..— »L<^ lI 1 is I *-• ^-utu> J^Lk^JI y^Su laalej t (0) 


t,JJL« t (AO) ^ \ . > Jl 1 I J_jL ^lej (^1 1 — ) 5jlj>JI 4->jJ — (O) ikHjJlj 

. F = 2- 3+ 2= l J->lj tSjIrt (F) 4>*j j ^li lifJj (jljil SJbfc j jl»o 


JJuj (OB) . The solubility curve OB) (OB) 

jl_>jJI — «LxAil J_jLk* 3I — pja-dJjjJl ^Uij ^JLe Sjlj^JI 4 j^jJ ^Lijjl jjJLj 
4 jI$UI j ySJj V-x Uil l 5 iLol £4 Bjlj^JI 4 e*jJ ^Ujjl lsL>-}lj 

<_>jj . pjj_-«lj>jjJI j_ij_^!£J aj I 4 _LuD y_« Lj_jj 5 j — (B) c U l I I ale 100 % Jl 

J-^y^ (jj-jy lja*_j F = 2 — 3 + 2 = 1 (ji jl»-!j aj^-* (OB) ^Ji^lll ^JLc jy*^l 

■ Ot/I iJU- j jlioJI i J 5 LJI i <-aLaJI Jl 


^ji-^Jilj (AO) ^yu-ail ^,213* (Cryohydrate point) ol jju^JI j &>3 &u 

yjJLJlj ^JjJI y-a Jj£ J./»i I,; Ifcolcj i^ljj'il <Jaiu!! OjjCj (O) 4 J 3 S II I jie (BO) 

cSl (Cryohydrate) »L. + v;iJ.o o—a (jj £ lu ijjJl jilklll 1 p^j— rfli^Jl 
cjIj^IL ^4 J5J Ull tj fftsj (>1 *j isjij^j Lftjlej a o te Kil l (Frost water) 

jl.jaia 4,Jn 1 y> y*3l_»OL4 jj_*JI Jsj_Li«l lj_ft 4 _Ix>Mj (j . i_o_LaJI oljyilUj ^Jill 

, (j^juSjjJJ ».jalJ 4ij.«ij l«A iiLASJlj JyUJI Ojl ,Jjl» olLoJIj . ^ | j < ' -jl* 

; (KC1) ^jk-JI J— >_y (O) 4 Jv . ‘J I ole F = 2 - 4 + 2 = 0 £_jia— Jl soeli 

, • ( o^ ‘ Jit-. 1 

jjue isJLiJI xx>o (7) Ji-i (Freezing point) ilaii 

oi-» ^j_Le SjljjJI 4_>jJ yiiisiu 4jjlj^>- 4efcjJ_j 4jij Jl SiLiJ 

0 -j ySjt JjI^j Jl gti Ui-oi jl jj»7l l_uL>JI (Cryohydric hydrate) y. kDI 
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— " • * ji— sjpti— oui^ui j£ o ijrfl (i3)| 

Lu (0) Jl J-«si l Jx>- (BO) ^jiabkll JjL |_> A i j - u Sjlj>Jt i>-jj u.L* 

Jl iiLob L«l . v » > < * , 1 1 Ja ^L> it LfJI ijS . *j a ISl » » Oj!j^>- <->jJ Jsl Jl 

: Jl c5 J _)i Jilj ‘ ^11 1 Jji^* Jl jl 

. ,u >~ll Sjl_^> b»-jj yilijOl — 1 
. J_^L>uJI 5jl_/> i»jj ^USjl — 2 
: Ul l»j.i f >3 j£L»j iuJL>j (jA«j,l ..u >oJ I 5jl y>- 4^>jj 

KC1 + ice = - 1 1°C , NH4CI + ice = - 15.4°C 

NaCl + ice = - 21°C , KI+ice = -22°C 

CaCl 2 + ice = - 37°C , CaCl 2 6H 2 0 + ice = - 55°C 


3 - The H 2 0 + FeCl 3 System «-U + £Ljjji>J) - 3 

i^jljjA oLS 'y £jj\ *-Lll £* >1]^jjjl>JI j^jjJLS’ 

l.Fe 2 Cl 6 . 12H 2 0 , 2. Fe 2 Cl 6 7H 2 0, 

3. Fe 2 Cl 6 . 5H 2 0 , 4. Fe 2 Cl 6 4H 2 0, 



3-Juli £_jj^ll ^l^j'il 0 xjb 

jl$ .nil 3 >j J I fjj 

(8) Jf? .Alb (jjjj _ja US’ 4a1X3kj 
* >oljJ (j_4 L*if 

LUJ <>«• vi^p- (Roozeboom) 
0 j— fJ i_i|j^l jl^—eo'il 

. pliaJ Jii 4 Jj£l 1I <iil>JI £lj.i J I 

- (AB) ^1 
JjjjlS’ is Lob *UI .U,».,~ll <dsiu J 
i kS'i (B) (.*!,. _i,>- »Ui) LLjjjl>JI 

oljjJLb UjlIpj yAli>J^II 
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i iiirtft iJC-fl— gihuil tJjW (13) j - - - 

yly-3l <Ul> J jl_>oJlj ^ . U . J. l l Jjnl> «ll Jy_>yy tilljylL + 12 -il^J^XaJl 

j (j_» a — iiLoljj (F — 2 — 4 + 2 = 0) jy>oJI Sotli j^jJsuuj 

y— • yy_Sui^J (BCD) •» il l l yy_£jyj (V^IUShCS) *l_* Jl j^LUl j> Lilli 

jl — a ~j. l l ( Jyl>*«Jlj ( I 2 j^ 12 jjjjjlS") ^lll iji j t 5 j>-l 51 *y* 

<-jy5j3JI j ytfjjLJj JiUlj -_JLaJI y* J£ IajJUj . j»37 yi£ ^SJ — jl 0.<-»i*ll 
^-jS yt vl)jx> <jli JyL^JI Jl iLjjjijjjJI jj (jji-l <u*5 iiLoLij 4 

y>J-5ue L*jJlCj ^27.4 — (D) JlJLC — ty (_ 5 illj *111 yJ <| 5 _y> 5-*J-< y*J OjIjJ^JI yj 

5JL> j jLiuJlj Jj1>*aJIj *L» £h 7 j *y> 12 ^yk-* 

. (<£*ljy <Ja2jJI) ylj3l 

y_. yi-fty Loaltfj (Transition point) iJlilil SJaii - (D) SJaiilly 
kyl»ll II* J Lui <. — *UI yj Is’jSf 7 ( tsj*r 12 5-1-nJI 

ojlatf J-aLcJI jIjJI oj_* <> ajkIj (Cryohydric hydrate) i_*LeJl ^kJi <> ,x>iy 
— (DEF) Jj_t> ^j-lc Luli iiLo'jll < jl ac cjyjJL^I yly 

< kiill 4j»35.5 — (E) jl^.i«n‘il <->yJ — *L_» *y>> litu ll;aiJL»Jl .y^ylS^ <Oljl JJujy 

l_j S yl! 4 Jaj l>-«fT i Lrtlu 3JL> j jj-wLjJlj 1 ^s1 j ..^II 4_»_Sjil j >J (F) 

(I) - ‘ .1.1 i Sy 4 j.57 — (G) 5 kj ill j_Ic c)lj-3l 5JL> yl jItj Jl -—jlSjIIj »Ia.>-)I 

. 4_i^jjill jic jl 0 . r> i *j| 1 ~ F>5 *l r 73.5 

( — » Ia > J I -_i_5yjJJ jL^ aJ'il < j , * Ui * » .‘ i« { j-Lt J i_ij— - likill Jyi> ^JLp ly^->l 

j J.+ ’.'j 4 Fe>zCl 6 -il^J^J^Jl J^yiS^ ^lll ^A lyj^-lj . 4-J-U yjJl yJ^Lyllj 

UOillj 4 F = 2 - 4 + 2 = 0 <^ctj>y}| <tulll J-<x>u ^yla-JI OJLPlj 

.F = 2- 3 + 2= l i&Sl I 

H 2 O - CUSO 4 System ^bOJI - tU ^Ifcj 

oLyyiS' Lfljl Cjlyi- Jf ll y_» y^JLCjjJXj X_ly* ^jJU Jy_ 4 x! I Cjl_Juyj5 Jj>yj 

4_^U^UI olj^yA^ Ulj *L» *y» luu Lilly *L» *yj»- Syie »yjjy_ 4 xlf 

oLjj y^ yl Li' (monoclinic & rhombic) (^^yi Ul loyyii* c^l yylL ii,u Ja 
. *L*11 A, fy-JI A. JaSu J, *«" (A) a t-.j~.ll . (9) J^.t-ll J A >■_+> y y£L»j tllfy ^yjJy-aJI 
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2U 

Vt.tMssnitt 

\ni 




f / ' 


\ # 


<hl‘il (_>oLij-jl tlj-L Vj j»^j J^ j-cl! I d)Lby5 <jLeLi 
<_*ljj (BC) . (AB) JL>OL*ii tl <U „!._*, >g] I 

Ojl^vJI < >j J *1* iSj-’T 5j*5e j>yjjy~al I Cjtjy^S' 

i_jl-S^ 1I (jl— j (C) (> (jicij ‘ (C) xx£- ^32.4 — 
_ (CD) JjJ* ^yju^j *L* 6 

• ( _ y *»| > ■ 1 1 ^_)-jJ_ya)l CjLJ^jS^ <jljl Ji*jj 

Cjl_j^jji^ ^_a5jj <jl S u <11 ^JLvull *li»JI (jjjLjj 

. *1* 10 


I . ■ ■ ■ .! iii r .jLMJI <jljl (ji *5l •( JL>^U yb U5« 

* «*», >n «t* ST ‘ ^ J ~ J 

'* M n^Ssr ** ^ ^ -^i 5 f 5 t!^ 1 Cf ^ 

Fig. (9): NjO + NajSO* 8jL< * 5jUI 0- <-*•* ‘ r 125 4' 

1 . » - > ‘ i g j t j.234 i j.125 j j_5Jj i 5jlj_>JI 

^jJLuJt (j_j J_£ LftaiPj (jjj. -V tll 4_»SJil (D) . j»234 JI J~<*j 

(j LuZ„L > (CD), BC) ol^i>oL»j i ^ » A ll JjL»uJI £* j\yj\ <Jl>- j jjjJallj 

< hi 111 J — i£ <11 1*5 . (j j . -v . 1 I I J_yvj £* J^I><jJI (j_j5j li*j . j*32 .4 4 1*1 ill jle 

+ *L* o^lkp ^>j^-oJI cjIl>j*5 + *1* SjJi* ^yj^-eJI cjlllj^j5 i_itl~ol jVji .x»_y (C) 

(F = 2 - 4 + 2 = 0) & F = t (jljjl <JL> j jL>oJI + J^L>v*]| + ^yj^aJI otjjjj5 

. ^jiU^UI 4 -j 5J1I JI *U 10 jl J^»J <JVjJ Lfll Jj j l^^» , ‘ »l O u * jJ (C) <i*ii)|j , 0 


Na 2 S0 4 10H 2 O 


Na 2 S0 4 + Solution 


J yA> Jj-Lc Jj*_j Jjit— »^UI ^ > J « 1 1 ^jjJyaJI oljjj*5u ^ xj u t .1 I JjLvJJ 1 , *> , ■> > . » . ■» jji 

^ (jLjjv'ill ,j i Ljy jj (C) J — l g L-ji-ijjj *1* 10 4 _j5j 1I (jli (DC) Jx>JI 
(C) <1*11)1 (j* y> 1*5 ujjSJill Jiyj t (jlj3l <*5JI <llxl* j JlSu ^ylL^UI J55J1j Ijj* 
(j_* uj *L* Jj_> < **. ..i j—* jjjjv v_*5j* (F) jlftj j»24 F <1*1111 ^ji>j 

cjLji V i'illi i_»_jj-l*Jf oj_» .-ii.iv jj . *l_* 10 tlllvl jjuj^I fjjb (j_j5uj "lj JjLk*JI 

vJ »j ol. ,'uol <i^U v_j_y* <jlcj 4 J. ^1 . V . ‘ > I_jyj (BE), (EF) <lji* <juUI 

<_jpl*j J_1*J E <— t*ll) lj ^gli i .* l | 4 _jl 5J*JJ <_*lj^ll (j_*a* J— Uj — EF ^ i v i 1 1 jlxS 
<ljl* <.V.fl 1 1 <l kl « (J jLvjJI 4 J^ l , > .,«■)[ 4 ^ljJI 4 4_*5jil (j* (jj5jjj (_jtLo^II 
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i ii.nti SjeA— quI^I jjfr ^>V1 (13) [ 

L_ajiP ^jjLJIj JUuttl 3JaSJ (j.24.4 - F ) i-UUIj (metastable equilibrium) 

• ^J_i j J^L>uil ^lijUlj ^-Ljl-JI i_jSjil 

Na 2 S 04 7 H 2 O '' “ Na 2 S 04 + Solution 

5j .t. e- i_jSJ 1I (jl (EF) ^ ‘i.'v ,il I j ^a l*Sj 

4j £_1I! ejl^ij Jl (Jjjj i_jj — 1 ilj 10 i_j£Jil ja rli iiLiUj tl« (Jjjfc 

. (BC) ^jlaoill Jjb JS4JI |jiA ^jic 

Three Component Systems olijSlI a^isui 

Ejj Jl ala ^ic i_iuoJI d-ipIS jJp cjliyOl Sjj^till <jJaj^ll (ja £jlll Ijaj 

p>.y L-uai F = 3- P + 2 = 5-P 

F = 4 (jLs j_>-Ij j oUyiil 

C-|| £jji ji-lj ^ thill UlA (jl (_5 1 

h w.nll c Ojlj>JI ^Aj (<ij > Jl 
oU^SaJJ Ja5jj_ll oljhlSa (ja (jahlj 
Cjl_jjSi ^y bjb . ^ jJI JxLuilj , (i^Lill 
I JS ..tl ^IIao i3^>tU I ^ thill 11 a 

1 ^ — Lu~ i_t«-oJI (jj *ol L4 . oljjuv.» 

*— fchjSl JjX> (jlj lj-fl_) . I yU 
.1 iff lju~ (j S »j L« ojlp <_ujlUI 
5 j io^jj j 1 p IDAS' (atmospheric pressure) I h « . <*>.1 1 jS_l ^ K«.nil o^il 

(j-« (jp-UI (jti c JSuUI lia ^^p ofj^Aill (ja (jiUI cjjjuuj . LflaaS caUS 1^1 5jlj>JI 
■j- ‘ i j a (_j— 1* *1 JSiJI JbJty 1 ij!)Uju-(Li ^Aj&Ju (jSaj JjSjIII jjj-» 

i . i.i.i'iMI (j_» (jyS-J 4_ip _i nil I j wjuSjxJI J jJjtjJI . ^^Ull (jjSJ I .bjl > i iJL>- ^1} 
(Gstock) SJjial . pJt*JI 4jaun(yj oi»l JJ 4l^jlaJl aha , £jLeSl (JjLala ihJutaJ 

. (roozeboom) jJl*JI L^jjo-lj 




Fig, (10 ) Diagram for three component system 
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^La'il (jjLaill --till I 4 j]~.Vll oaL^SJiJI j j - tj ulj *-( ajlj 

1 tW jt I (jlS” LIS’ »Lijl soft Jl (^jLa'Sl) ojLclijjMl j 

Ja y Jx>vj >— i JjlI I u j i j 1 j-a- (j_» <_juI_> JSj . jji 6 CjL*5LLI 4 j.a*> Jl I 

Las’ . JjIaIIj ji-'ill u_ul»JI jl AjjvUJI (jj ^Le'Sl <jj ^LcJ i^jluue 

ajUj Jl ^Ajj kiaiilb SjUl i^jljlil Js^jkjJ I ljj> (jjj . (10) JS.u.11 I JA j 
(A) AjUalaU 100% (BC) O^pLaJI ^ ~a . (a ) 4_ZjaJLil <j_» (A) v_a5jll <;■/[ 
J_SJ (Ma, Mb, me) oliLblb ijuil -L^LjJI jlj (B,C) (j^j^Lall JiiLj 
^ualj y» LaS Jiaj (M) jSJil 4^uaSJjJ| (C) (B) ijjSIlj (A) *jjSl\ (j j 

■si ^^1 J5LJJI «sUj 4 (C _I 20%) C (B_j 40%) C ( A( _J 40%) 
IjSz LiJykfi i pj— )jl\ £jL_oJl (JjL«ul1I c±jJuL 1I <k5j (_jl jlC kiajlSJI Oj'JLJI 

j_>I ( j_Lc 3jj_>^II 4_kii!!j . ila-llll ^Lijjl “i! ^_a Uj . lia^tSJI i_«lj>JI 
<j*i}f 4..»..«.i (jj J.~ (P) -U C jbLai i JaAi diljjSil IJJ Jl jj3u (f^LoJI) 

^p^l vJl^aJI Jlilb, (BoSyu 60% + A v_*S>JU 40% f ltaJI <> 
LaJuj j-i-£> (_5jL»j (C) 4-ajJ (jli (k) <JaZJJI OxC 4j| Las’ . AC) i (BC) (ja JS Jjk 

. B (^aST^aU 40% + A i_*Sj*U 60% (_5 jL*j 

<j- !u£uj |»L-jl 4_jjb Jl ^...» i‘u j . JaljMiil 4jj^j 4-aiaul •X3?y Leu I 4j| laS 

. JaAi LfCl^ji ^Sjj 

1 - One pair partially miscible ^Iji.'St Jjx>u j*»j ^ - 1 

2 - Two pair partially miscible ^Ijia^l 6«-jj - 2 

3 - Three pair partially miscible ^Iji^l 5jjo>u ^Ijjl - 3 

^ji-aJ aUl (jl t alllj si lj L l I p^ljj^iSJI : Jj*Sl ^yJl Hlal (jal 

L-o^l a j jiSJ I ( a— » ^jia^i h| », l >i.ll oiaj> LU jSj t vuuaul l y . ao >iljl,>JI oia>- ^4 

• tUl J |*jyjL3 isji 3*5 Jua>pl ^jjJI laJyj 1 v_ 1. 11 ‘ill ^L _ aa. » u 

Jj'Sl v i a j> . aLilj (JjUJI O^L> . ,_yjUJI <UjUJ <j4_j 

dJjij (j j-Loflla (j, L i. >„k . ,..< LjjSi a±JUllj ^jjLDI JSJj . 1 -juaaJI >■,/ jLa-Jiaj ^LUIj 
. 4.1,1 « 1 k_a-u JU6 (j. jLeU . 1 * j_i>.l-i..i Lj5u Leu I Jj'Sl 
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*-»ydj . SJLail* l* I 1*1 

JJ^UJI (JLSL-S*4l el J> f — -j jl <airf5 £>ljll Jl ^^jJI <i£*i 

. jJSLSJf +yo 


The Distribution Law <vji^l 

.. 1 (^1 I— «* (ja>j jL m (jjljl— < £)&j ill— < jf ejl* c » J I _jJ 

i-jliil ojlll elfl ejlll iiLobj Sjl_^>J! i->jJ o_jju oi& lilts . i>J~a»i* 

! ^y>- tWJilll oh l <•-*■ * ■ 1 

yli ej* Jicj . i)L> Jl 

J-elill -U.-ll J>Li- oli,»jj*JI jyjt Jja* 
J 4Jo|jj 5 j— oj j- 1 * d»-lj o* (jjJ0i*U 
. ^“Jl o* J-*-1j 

.M_i~. .-<...11 c> a_*jv iiLil jlc >11*9 

. (11) J*? All j L*5 Ejj-.ii* oLx»5j) 

Fig. (il) Distribution of scenic acid (y — ; <-.. . <»*» %jy—i u" — ill -k — 

between water and ether 


Ether 


Suecinic acid 

I 4 


Water 


Suecinic acid 


Snccinic acid between HjOand ether at 15% 

Iodine between CSi and HjO at 18°C. 

Grams of acid in 10 ml of; 

water ether 

Grams of iodine in 10 ml of, 

CSj HjO 


K d = 5.3 ± 0.1 


K d = 410 ± 10.0 


(jolSL-J! j yA*J«JI ji^y (jlj . (ji di* (^Loiill ^> J a ^«. l l 

ySy Q '*■ Ojl j->JI i— >jJ o_jjj die ^" = Kd lie o°H ^*5 • 

jl ^jjyi\ JjLaaj t_Sj-*3 ~ KD 4 jd-V^I j ( jet * * ll y-^y C 2 4 »Lil ^ 

0 -. J-^ Jl jj-JI liUI di* <JL>JI y> 1*5 . Partition coefficient J*U* 















i (_pL — « — 4— !L> j djLJI ljj» Ji» jl . »Ulj 

1 89 1 «o — ■*.'> y jJL»J! i_o5 . ^_5j_>l 4 jiyjl jl JjLj — (JiL-* t (_pl- * — >_>L^ 

jjjJI (joJU 5_>!jJLI 3 jL*U ^IjU iiuli aju nil 1 ajj» (jl (Ncmst 1891) 

yj> U5 . 5iUo*il jJLtf sjLJL! ^Ki~ jl 4j| j i im i (jjjjjll 

.\— ic i_jjjil jj5jj ijuli ojUSjII u<i «.J I jlj JjjjkII (jj ,to!>L» 

. <L>jJ 

vJu<o3l OAcli — ^yojLxij jjill (jljjVI ^ylc <UjuJ 
4-»jj — _ > ^vtu-JI — t_j tiiUjSlI — I ; <jjMI viiljLuJlj (jL» — 1 

: ■Lu'il 4 »li ;^U ijt-oLiJI ojL>jj j jji j>j u 

a - CaC 03 " CaO + CO 2 
b - NH 4 Cl(g) *=* NH 3 + HC1 
c - 2H 2 0 *=* 2H 2 + 0 2 
d - NaS0 4 10H 2 O ^ ~ Na 2 S0 4 + liquid 

OJJjLSjl 0J_* J_iL j k_5 . 4 — ^3 <l>|jJ| kiiljLuJI I i Sj^vjll OJ^li tiuJI — 2 

. %il)jJ jjJI (JiAllj Jl j till ^UijJ 

OJutLi j OJjjSLII ‘U. l j. g LjJ I ‘LixuaJ! (j S- jLd*i>-L> i_ju51 — 3 

: Ajj'lll oIjUaJI — 4 

J^»all plisull — _> OuUil ^UijJI — w (j^5ill ^llj ^Usu ~ i 

: (>* (_jic J-<x>J I«j_}_pail (> (ji Cx>J — 5 

OjIII tyi Jj^aJ I — t_> ^JjJI — | 

ijlU^UI CjIaj^oS — _> 

<!L> (JSJ Ujl>umu iLijt JiL! ^y. i ^Ixe I 

, (j_y5U! 4-dajf (j £■ (JpUflillb i—uSl — 6 
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The Colloids 


>Lj j-t j ^jjJj-oJI jl bj_jjJI ojb (y Tajbu 4-yS <b|jj -bp 

l j—>’ j oilio cjUjjI jl SjjiJu vulijy> ilujs (J ic ».~ ui23 SjUf (jli 

j aj. t u. i ll ijjjj'i! j! <Jbj>JI jl^ll (y J&\ jl jjjjb (ju (j_j£ll J»jl£j! li* . *111 {y 

ol — S jj'i/I will ij'J IjljJj * True solution ^ybisJI Ja|i>lb <_Jj*j *111 Ji» j^l h~*j 

. <CuuL>uil JajJlilb 1 _ ij*j l^Jli *11) j LjjjJj 4i»lujj>Jl jl 

lx.1 >■ pS 0 j;U^ |»l DjjAua 4 uu 5JI Oul5^ bl I Lk iu jj-lbUI jl ^tKII jj>w I jl 

^ (ju_ibk)l) jl ( _ f ALJI <jl (suspension) jblb ^LJl J>L*JI yli *Ub 

^Uk>'^I Cj|j obu-ujvjl (jl J_>j lj_J objjl Jl jl BJjix» oljujp- Jl *jujj»u 

4 j*£\ jSi\ pA>JI dilj Cjl« 1 i..i.>.)| uujju jx» J 4 vtuj L.i.yjj 4 ju 

jl jjJLjj^jJI ^K>JI Jl j^JtblaJI jl ^al-xll ollyj> jy~aj (j£ull (jj juJj 
J n - l >J I lj_ A jl J j y* Jljbj * jbjjJI ^jJP Jy>uJI j I t ^«U) jli iDjJj 

. ju;L>ob jjp (ju^tbkll jl) jjuiaJlj 4 *111 (j* 

4_uS (jj-£i <jujjL» (j_* (jj-S-u JajL»u J — >y> (JIaIIj ( jAjA>J I JjLkJI (jjj L^j 

(j_Sju 'ij uu—ujju^ I ,j *i I Of-jjJ UjDj Lbj>o aij>u (jbjjl! «LLLi juaJI ajlll o L«uul> 

C-il.o.L. (j_j J.. « ,, n l 1>_J_1>J| ktljj J d)l tj.a>vll (j_j£jj 4 <bjl*Jf ^j-tjjdl j jlu I 4 L 0 J 

cjb^JljjiJb JaJLiJI silJj J^1 >sa1I o Ul . u> (jj jj^l .jl*ll 

, ijjjjjiJI Ajjaj'il jl 4 Ailnil 

j_ullll Ja—ujlb OjA^ (jojUfub jiiuj o uua (j* (j_jSu3 jl_^» <jP BjbiP Cjl^lljjjiJIj 

oj_*j •■* jj_s Jn.ujl 1 - . 1 « _. . .. -vj 4 ( jj*-jl>Ji cJu-oJl jl (dispersion medium) 
tjjj-tj jjLjJli 4 ( _ r l>UI (_ii-o)l jl (dispersed medium) jJuilllx-jJb 
jaIkj j» jJ) J-o-ij *UI J ^v^Jlj LluJI £y 4 

. CjbjljjiJJ aJjj! 


- 467 - 




1 ( 14 ) 

xi3 (1843) Selmi ^«ij - ■ ^JLaJI j__» oljjlj ydl (j* Jji 

j jj! > <j* (Sols) Jj^olb Lo^l k_ijjC <jj^£ (JJLkj 

jj . *UI j ol <U» (j_* SjLlc LflSJj > i Ja!Lvj j.n..»jl L$j( (j* ^Jjiwlj 

of j If jLicul 4 ijl ftp Thomas Graham ^>*. l * jj (_j*jj (1861) ^b£ 

jLioJ! Jjmu 1 ^.Anil (ji (membrane) 4 j.fici JjL> AuJliv* jj 4 4,13 j»il 
l>l_»!^> i_»jj UbjLiiil o'ijjJ I&jLj jLijul Jjaj <J 4 j.&i'Jl J jli- 

. Colloids jIj*j Crystalloide iojjjlL jljj (jjicjAJK* j jljll 

^jUi : Lflliol jjj L u-u ijxi-o 4^jj ( jljjl o)j jljll jj ‘Lf^A-'KoJ tj 
jl oLjuj^ 4 _jua ,^j_Lc jljll wIIj j oL*^l.> ±>jp lijl-/ jSj l*5j t j6,..» 1 1 <. bjjJI 
(jjSu l$Jli »il)AJj 0 Jjjk*!I (Jj3 *ij iSj>JI JjL»>*JI j ojjiu* cjUjjI 

yiU j-!j J j. !,■> «]| j_» <Jj^ ->> J_ Luu (ji jljll villi i£*ij 4j*.cNI J jlj- J Lie'll 4_*ij_j 

iilljjlLJI jtjlb cj^autf 

i (jj-JjLijvJI t (jj_j_jJI 4 (j^jLj t (j^jj^jJi JJL* jfj_il (j* 4 -uIjiI) 4-e^oJKdllj 
4 ^ u > . .uc*j| jj— c jLii jU (i^jlilll j|) < ^ g Lu (J,u Lf)j l j i.A> IS _^»JI aIjjLj LijJlj tljAltj 

\u-jsJI (eidos like) and (Koll-glue) *ij«ll ia-J 4 4 =*bj>db cmw silijJj 

(j— • ki»Lll OjLcj*_»v* (j_i jj_£u J_9j jjlSb j*S1 OjjaJI SjUl vui a_i... >■ jj5uj tljilb 

((jjJj_jjJI) Ji* I.l> jijS cSj-r (j£ Sjbi Oj-^ ji 4 j»_ <->JI IojIp olijjj»Ji 

Jj_c) 4_Jb>> (J 4_jjjll 4 jb c (jj i^jlg J^ -c l >J I JjlC ijjjjiJi Bjll! (j^5uj 

J_lc 5 j -Llu 3Jl> j ijjS obyjj^l (jjiu <4_L,4,>J| (Jj . 4_V_i>lj <jJL OJ (SjbtU 

. J^L> jjbu 'if Ujli JJj (jj ^ijib . 4_Jl^jll 

ju»v>J! I j .u~n~ Lall i^jjillj i^jljjlLJI jljll (jjj iijiil yij 

jJuJoyj . 4_jj|jjlLJij 3Jl>JI (j^ J S j -l->Ji jljll (>» IjiS^ (j'i viJJjj 8jl*JJ 

. dlljJ < 11*1 Caill 

4 _i_^_*j 4 ( 1 ) Jf? .'lb ^-«o jll jl^_>JI (»l_al j>- ..»! — j|j_l| i_i,ii.rt* 

. (Dialysis) jrflbl^b 4 -ii iaL**JI 4 J yuj (Dialyser) jiblii 34^ 

(^-SjA^JI Jj 1 > ftlj (jjj 4 jLi .vij 41>J* (ji Sjbi jA SjLiJJ (JjjAJI (JIaII (ji >*. 1,1 >j 
(4^jjj*Ji ji ‘Ljjj^'Jl) 4.j< 1 1 J^3b>uJI (ji* (J-oli (jik*ll (j* 4 jUiij 
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j» L >v > *jl CjI j o Aijjl'kI Ij yjy t j JjUluJi oLJj(jaJIj 



ji»j J <^>LUI Cy> iiJl*JI 

<i* ‘ J £^l Jl Cy is’Kj-* 

( jiJI y tfi . *X> ji « ~ii pUaiJl ylj t JL>- 

,jl j| iLftiJU j Ajuoj yl ySu^ 

ol» j ■ n'>»l l | I .I> > ^_Ic LoLol UJU3 t*5jLy Ljj jil I 
0»I_)>J! yfl«J (1) Jj.l>JI ‘ IflxSwj lfl£wj 
cjUMIj 4^2,u>JI J^JLkjJLp L^Ujlii j olyjiU oj.ull 

, * I.* >.11 


4i.ll>'! I a ijASill <UjajS/l u#\y> giuu (1) JjJj> 


jj A i.l> ll Cjl.Aj t MyJi (3^-* 

mmmm'mwsmmmmMwmm/mcmmmtwmmm. 

jil 1 JjL^ll 

i Wfmmmmmmmmmmmmm 

(Jjlj-Jl 


f AMO o* jS' 

A 0 10-10 

AMO - 1 


^(j-*A_-*]ki- ^ QjSjS 

£ j»Jl (> cltt^L. L>!li j ijjfl 

1 

(jj-£jj J 0 jxil (j>& iCjL*^**J| 

^ >aM 4-plc Cjt!yJ»ll (3-» CjliJ CjU-ou 
J- o- • Jf-4 -O-U* ££ j-* l>* J 1 

ye <J4ll CjI J^ll 

j 1 U CAij>. 

1 

t 10 2 LH» ^ •>«*>)! 

\ VP 

•jj 2 - 10 J <Jc cL^J 

2 t^-ic. L'i^j ■■»!! (/>U 

iji 10 - 

i 

P yaijo- jjfc 

jA 


JjiJl jl <■ i.U 

£ (Jiii. jjt 

| 

— j »<■** — ‘-•jiL — ^ Li — 

fOU-M* 

- 

(jijil 

^ J *— J Oj-^ ^ 

| .U^U! UU 

<ia. ii^ 4 -JLj J <1> ja LJ 

jl CjUj^I L-l 

UjUi>CAi*> J 

^Ic 

j 

^ ji 

\ 10639582^ 

iV—j^ ('t«j , u>H S — jjj j — l*j 

U-A/JJ L>^J v < 

L_J <inil Jj 

ij — j>Vi ji a — 

Uj^ A L t J jj 

W3jjj 

1 

lev— li 1 jj 1 t&— » j— 3 V 

1 

j-*^i jji Jjj 

UJ S)LJ| CU > lyj iUl. yj 

ttd 

Uillf 

I 

| V j ^*^**>31 jAjaii V 

| <^vt jxi. jjigu g ^ 

jL*SM j j^jojj 

tltii (jllj ^- 1- S 

AC^tU 

^ieVt JbU jAfl-> 

jUiiVl! 



I c iiVi 

I 

«. Cuuu 

f j ...^11 Cxi Jaj C-U_»J V 

<^i5 (jj) Jl* 


\jLj Cj_J £l_iJ ^-i M--yu 
J ijiM 

Jjij CLUJ ^UiJ UJ*J JJjV 

JZi 



y!ijS-(jJ)l 

- ^JJ^' 

mmtmmsmmmmmmmmtrnmi 

1 1 
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1 aLfiijjm ( 14 ) | 

Ultra-microscope jSjill 

L» xtlu i^oJI i—^SLuj^Sul! ij^s Unj l n . Vj (2) J 5 >. j. ' I 

5 (m . *fjj- ULit 1 * 2 . (Tyndall JIjJuj £»b 

£i* ji cone) 

i .ii 

*j— ^ aJI ly-Z [£y-$ 

Ollr.mtcrwcope Vta* ua*» Ttny p*«ie*. H ‘ k ° Lcl ~' ea * 

_. mfcfotcop* mttwlDt lichl , , ... . . , , 

Th« ditfram ol ih« itit ultrambroicopc of Ziff moody *ad 8W«toff. p-J (.Silt) 4— >J3 cJM-> 


© © £ ut^ 

Ollr.mtcrwcope Vimruafcf ttv Mrtid. H ‘ oLjS ^-' ea * 

_. .. mfcfotcop* mttwlDt lichl . , .. . . . , , 

Th« diagram ol ih« lift ultrambroicope of Ziff moody tad 8W«toff. p-J (Slit) 4— >* j 3 l)M-> 

<L_,Jl>JI > J— >jj 

£y~oy t-jj2L» J^L»- 4 j 1>JI JI jlajjj . ^j&si »L><jl j — (J_j~eJI l JlC J.t j . ? J jjjJl 

j f i Z , u * . ~ ^Sjj_y«J I tZj l t _ i.il a - (jl i t I j > j *j~eJI jLul CuajJL 4 ajIS 4jj I^j 

i ol. »j ..!. •> 4 -jjA Jj-ic Jjgj . Zjltj-^aJI (jli I ol»L>o'il 

, 4ikjj 1 ft! j- (irfjjljjJI J_j>vU 4ju“j 

: oLuljjjUl jt.j~.i2j 

(2) jxij j 4-ijj < iojji!! JJLkaD <u£jj cjIaj...?* j_uLoj x> y 






















{ (14) I 

Lyophobic and Lyophilic Colloids oLjjaJI 

Jl cjL-jjjjlII n.nn (Peiren and Freundlich) j. bij^sj Chj±-> pb* 

. JJL-JI (j_« OuL>JI jl — DjlSJI — Jail . oiji frjJj (jaaPjAJK* 

j_iUJl ia jy! Ij Oj— iuiil ol^A-taJI (jjU t_jjL>o (_5 1 <uijoJj| t-gll 

till J A*juol IjJj . olaa-aJ>JI <Li >...* Iwlwl ei» old »~j 

Jail yj 'Jju Jail J! Jioj jli iilluJI CaUj.g ->JI 0 j^J jjjlj 

t— J— » jju l_< J-I lCj . b.->- ^Juli jj_C j! 4,,_n jijj.U^.ll .oJl jj_5j ojl_Pj 

l$Jli viUjJj i (j JL>— *JI Jl (^SLoj 'J <Jli t oLujjiJI 

. (Irreversible Colloids) Z^lsbb^l ^ oLij^db 

OU.1— <L>JI £>J-J k—ljl_>«j J— >JJ kla-JJ- — Jji...lH 4_L>jJI — <jl^ ( jlx3j 

lj-tj . 5—jj^SjaJJl (jj IjbJ ji£\ <JLjjaUI objjjiltj — Ja-^^Jlj e^laiil 

l$_jli CJJjJj 3-^jjill Sjj—oJI Jl 5j_« L^-JjU! ^- S L u j <_Jli t£y>\ 4-$j> 
— >01 o^i O') p^j (reversible coloids) oabj^ydb 




Jjj <J l5iJI 

#>LSJI 

o>l)— >01 

UUa»A 


qqSBh^B 

ibjj 

0J^> 

91. 

I* jUltl j£-*j 

Ia> e jai-tf 

#^1 Jra.A . All — 3 



"dbSl - 4 


Preparation of colloidal solutions <UiljjjLll JjJlxaJI j-ua>J 

jljll yj jjiSj (<a£b-«JI olitull — (jjabaJI) i^ydl jxJu>3 (jZLu 

bUjj <Cjia3jjJ jjj LijJlj ^ a _ cJ | c Ji* ia^-iudl 

, (hydrophobic colliod) *lil j 5_.) ^bL»* 
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Ojj .Aa»“ (j 5 Uj4 (iLjJJ ojLSJ!) hydrophopic _y»j ^>■'^1 £^ill Ul 

. OuJjllI (i-j) i '_i.nS"ll ( I ) U»j (jju.jL)! ! j 7 uAjjlaj 


Condensation methods 


: Jjyi ijujhJI 

Jjh 


^JLxL > Jl j 0J_^>jil CjljyjjkJI jl CkU^I J^jAo ^jlc OJA JgjAJ 

i cjjUUj ijjljjA jUjI olj vid»j-fc>J! Jl True solutions 

lj£ Z,uIjjaJI J,l)Lh*JI ji~a>3 j O^Ulilll (j 14 4 a1jl> u Cjj jjQLwl jUj 

: ^y»j u i . j **> .»! I oljifcC jjjb 

(jjL_idl Cj UyljjjS ^..A>u) i»U Reduction - 1 

J Ij j . .> I jjjls (jp U»j j » a> <. ~ (jljJJI i 4 *AaJ) 4 l-jajJI lSjd^ Jl* 

Jl (jjjljJI 5jLoJ JjU 3Jji>«ll ,J*lj*JI Juy ^jjUj jiiJI ^Lo (jj 

4 h- .il_y 4 .raflll CjLJ^JjS Jljl»lj wlljSj t JA>^|| k-iAjJI (_5j^C k_jj»jjl JL) j_jJ5 

. iAiJI i 5 j^p (Tannic acid) Jj^bdl 
0j u i . .a ( j. 4 ! nj (jjJI OLgj^jkjSJI (_sjj_c oil. 1 (j_«j Oxidation 5 j u..»sSfl — o 

y £ J _J_L»U (j_a !>LS ^j_4j J^J I Jjjj^j-S 0 J — kSLi dUjj <J yj — -u 

Jj_£l>JJ stoichiometric ratio ljO ou^fJI jj. *S I ^jIjj 
4_jli JjJjI 0 J_j _j_»JI J W 4 .ll 'J*Jj,‘ S wljl Laylj . Ou^jSlH d yo 

j y> US’ (till) jJ&Ult Jaw_pl j III*. ^j-ojj lIujjSlII (J^xilj _jjkII OJLuSl Jjuu Jjauj 

: 0-^1 JJjUII 

4H 2 S + 20 2 > 4H 2 0 + 4S 

j L . SI jj_s Jj_L»o o LoL jJJjj jj .’i>.ill jj— .S I ^ylL-5 Liyl US 

Jj-ij 1 ■ > . ,} >■ Jy.>. J I ^) jd 4 j-)Ij 5 iiujaj ^jj—ibjjJI OuJKUjJ Jjl>u Jl (jjjvjjJLLfJI 

y_« jljj-.'i O ^j - u 4i > . . f i l l lJL, J ^ LL aU ll ^11 J_j-o (jySjy ^jll »Uui 

. oLUvU^jJIj (jjjk._jj.u 4 JI ■Vi , “^l (jjj rjll 4 .i.U a »Uul (j^fuL) (_ 5 jj I l5j13 

(j£jj j^>o: jjll jjj^jS (ij^e Double decomposition ^Jjil Ji>s)l --> 

• 1 J [ )■■ ** S i (jjjkjj JjL^JI JjjyjjS iilAL tjXA>j 
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AS 203 + 3 H 2 S >• AS 2 S 3 + 3 H 20 


. ^-5 JjLauJI Jjxi d^i-LJI til! j (jj J^ Lxj 1% 

*L* (j_» J_» 200 JI L^>vjjJj ^ j L i> vilJj Jjo Jji>dl ^obj 

^i> JjL»«jJf J}L» yjJPjjJJ^JI (>» jljjb . (jjj ►JjjA^JI J-OJjjiu ^ j u i u » 

J—iaSl ji .. j JL b-* Sj^yhj • JLaijJ 

. Jjl>jJI J^L> <^>jjj^l b* j* *- ** jlc jl^ob 

dbjjOxJl byo j*** Si^kJI sl#j hydrolysis ^Ul Jl>oJI - j 

1 1—1 1 Ij—a 0 j£3j <£*s JI »11^JjJj»JI Jj £>t jO>j* Cj-t J±*~0 <i*£ iiLib viU jj 

. Jl>JI J viLjjj->JI j^jjISlJ ^Ul J 1 i . l . > . ~! l I i- ^ I r JI (p°60) yi-LJI 

FeCl 3 + 3H 2 0 > Fe(0H) 3 + 3HC1 

Ul*3 ciuli (_s j^AJI I jaj wI^j^jaJI ■ij,...5jjj 1 L» J^e ,^* jjle JjL>j j^Suyj 

. jJ^jJI *JL-<(jj C^ I w (^5 L*£j 

Ijl *jf j |»L*Jl 1 j_lII ljj» Exchange of solvent uyill JjL3-_a 
LjJlc L^jjP 4 ,jU« ^>, i . n'i i_ij— (x) bjLII (jli (z) j jj 'i qS. Jj (x) ojU ciul^ 

*-*+ 1 ( z ). (y) o>^ oi *—?•<? (z) cm °j**> <**£ £* (y) J -kk' 3 

Jj>«^ 3iLib Oy^53! J^-o jj-tfOvj til! j JLjlij (_>a*a!I U^^loju oLLs 

. *111 JI O^JiiJI (y 


Dispersion methods jUu3^l JjJ» : LuIj 

oj J i J LfJ Jj£ Al* lfSJL> j BjUl ijjSj 

jjlaJI OJA |kAl (jjj 4 ju>Hi jjL j.ljjO_b ilUjj |»JA<4>- olj Oj j jL o p Lto > JI 




j,jja_oj 3_i^JaJl oi# jj is^Js : «.U^£Jb jlijjVI — 1 

Ojlj^JI i_S jJ_jj OjLluJI jljil jJiJI (jj ^uiaJj J^«0 ja){ tli C j»J — igjjS 

jw Jjj-j Jl_*JI j (^jj-llj 0 j_iol JI jJiJI JI ^jj^fSLII ^jaJI (jp 3 ->jUJI ojil^JI 
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«S* Vtt-mm r , 


( 14 ) 

<ijj£ *L»ol ojI j 0)1 »x ...«.»■ Jt i_i-f<.5u) 
j ^ *.1111 »L_ll j_> *1* /in . I viLljj 

J^ .ill j ^—oyt j_A 1 »f ^JUI ^UaJI 

• ( 3 ) 

Jj • jl— Sui^l — o> 

(jj jl*» vijuj> iZ^LJI oj* 

.jJU £y~eJ 0)|j Jt)L>- ojlil 

Fig. (3): Bredig’s arc method 

j ijjj 7000 Ij_ >• i_jJU icj— o jjjj 

jj l yjjL_oi# (jjAl—Aol jj /«., , L lijJI 
) 3—1*11 iy>yCLi_ tlJoVl OJA J^Li- 

i l jjj k> J SjJiJ ij. A £> yj}] J^L_> 

|»L»ol 0)1 j O) l A.i. u . a - Jl j.o^.uj 

l-kixio (4) jxij Jiil! 

Fig. (4): Disc mill ii>Jxll 

t £_*aoJI 0 Ss- ^ <jjj>uJI jl o^LuJI : peptizition (i/jj»oJI) djJuuJI -_*■ 

jbol Oltj Q>l» J- ) >■ Jl Ojl*U jJUII OlLIuJI jl p^kjvlll Jf OjSjjJI 

/-jJjo (j _1 «jj (peptizing agent) oji-Jf JjLjo SjL* iJLwl^ 

y»j »UI /in-j I jj i t (glue rijill) Jjj jljil ijmj} OjjAjJI jl ijjjJuJI 

i /J jLxj .v„,') £j . L^jj^ (peptizing agent) ojiuJI JjIc 

Ju,)j_^ JjJ^v* y_» j jJLa 4 jn*' i-iLoU JLjJJjJaJI (j ■ jxa.>o)l v.tin.V* 

3 _j — e J)_i»a Jl — aJI j Jj— < peptizing agent *Ul j JLjjxaJI 

■ 41 s >j t ijaJI xia 

Purification of Colloids objjill AjSJj 

JjJJk» yj5u < _ s jJI) jl jljil (> <t±yA\ J^JL>oJI i,ujJ 

ultra- ^ L ) jj-ij (dialysis) ^LiAil J— oil I i iaj . (jUaj^L 

. filtration 
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CiLfjljjiJl ( 14 ) 


Dialysis 3i jje — 1 

(jj_£u jjjJ! A jf^ll (jj jx>£ jjp Jis- oi» .uln" 

j memebranes ai-ii* <u_iJI a < i ,ji ^Ij JJl^Jl 

(j— P (j^Llp JUaj 4_.,‘. cMl siilj J^L> yC (jl idjjjiJl oUj,.,»>>ll (j£t*j 'j t ^L> 

ijjj-iJ! j w>l) cj!j j— ao» J aLLcLiS i.jII ‘Liill L»^jj! 4 <j2Ju 

j-i.si'jl Ua—t>- j! (^y ?..»>. 11) jl ^yjjjjjJI JjuJI 4lj|j CU 1 . aj... >JJ BjjJiSJ I 

^ j— * 1)1 jLilj'il Ji,«i j (jj_£j ^1 . «(J j>L> jj^ib 

>..<.i...« » lj_j> <Ja_u ip*j| J j) > jJtiij 1 (jl j| <£&&! jJS'il JjbJI 

<jj-& jjjJI diUjJ*ilj BjjJLoJl diUyj^JI yj& L-4JLU 4 Lu-o 5 j>_>o 
. ^jILIaJI (J-flill jt#-> JLSliJj 4 jj&l \ty*j ^ySjS^JI JyL>*jJI 

j\ J£ iJI ^ul j\ ijySj (jl 1 a I 

id * HM 

*1 e±> r j, >-* lj — « 4 ( J£ -. i JI 4. u_ ia.>- 

I V.. . ■ J ■■"*11 oL jl»P (j p ■!■>•' . . .t~ 4__iiUvj 

^||1 JSbJ> « ^LiuJI J— oiJI (jy^MJ 

rrJf J j <^14* — - 1 tL _Pj (j_* (5) jkJj 

~z"_r— ^ jj»^ll ijjUlj »LiiP aaSjLi (_5ju>I 

-.... r_* WrtHfOniii^.T 

__^r— ~- ~ - — ~-T- - - 4 (_5j^_i)l I i_iL»'5l 

• CdM«l **rhd«t *b* (S 1* iSy^i yoS j Jjl^'jlf 

• ItM ~" 

j_>- J di_3j (j— » jbill till jrljjj 4jJajL» 

Fig. (5) dialyser ^ pUpJI ^Ui <> 3_>Cy ,> 

jl ol jyJj^fcJI) ojljj ibil ajl__ll jl 

. (5) (JfLi 4 ijjjJdl jyL»k*JI 55jb (db^j^ll 






MiM tw ■»<»< |- i5| 


• CdMMI MrtWM 


Fig. (5) dialyser 


4^1 «C Jj|j ...*l JJjj JoJI jjJJ v-iUUsI J»lj->«I_ (b 3_Zj^kll B JJb djj^JaJ o5j 

jLf_>- lX)l^-i ^ bij j| JUki jj_5b o - > > * ‘■Lip J!>L> oljyJjjli£ ! J' , 5ll jLiUI 

^y>jl_>JI ^LfcaJI j cS j-H *Lej]l j (j_j^_ill Jj_L>sJl ( j> » ,ij j t-L&Jy ^jjJl^loll 

yuj LjJjPj 4 (6) JiLw Lfl j h i.ll ‘L*D J J — >Jj J_y>j ^4 4 (j j jJ a J u j ^ > <« l l 

4juJjjjL-SJ'il diLJ^jl Jj ->.-» 4_»j— ( (dialysis) J .oill <b^jul ys- y j+LIl JLk«JI 
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WIlM 


( 14 ) 


i 5 aJl3Ul U- 


kb*IM C 

r 

i';' -' '- MniUt. Mix 2" 2: ( 


W»i In «<t*r Jr.-?? -TTfr™ r"=r-- ~ 
__ — ->-•_ — -WrtiU*. mttn - ^-- 

• C«M 4 il Mrttdti 


Fig- (6): Elcctrodialyjcr 


. jklil »U| <Lw \yj 4,l>ul)l 

3 — ,ji*P j 4-31 £_oljll ,j_* (j-SJj 

& 3 > JWIjj^-SW 

Ji« 4^3jjjj£)^il (-jiljlJI 
. j£LJI 4 


Ultra filtration ji)l jy 4jy Jo - 2 

^JuiL>JI J_j_L*v»JI Sj^jll jlyl! dllj J-o3 < *_y-- 4al*jJf ajjb Jj 

jjj (ol>0L») 4 _>jaj (jl jl ( djUI cj! »j.,.>- j£ jiLUl JJLJI i—uLjvj 

4 |j_> 4_2 j. Al 1 wjjJ&II t^jfj 4 j .. trf *j| ,<* ^ 4 ijjill CjLa.j... >-l[ jjjjj ^.4 .. JJ 

jj. >J j5L»ij 4 jlijLJI Ji* j_>lJ*Jl 4=-iLiu A « jl»j j»j 4 o l»j....> JI illlj j>>-*o 

^4—1 jlll jjj i,4_icl (jl 4 * .1_J4>J . jLajSI oLj J I i ^uijlll JjS 4 j «H) i-oLi- 4 , 4.1 ci 
l 4 \*4g 4 JJL, (JifcJu (jj CjIjUj] 4ia— J jj LlILc ^Cjj Lfjli . ijjj CU .M j J 

ji ^ 4-jijjJI jjj (j-ic 4_ju^jj 4 l t . l c^l (jfui^j Jmw» jjJUj >lil jj J1LJI 

j 4>.«4> 1 U 4 ^*aI ^IjjJI jjj 4 a ijUj 4 lfjy>u ojlyjJ 4_ijSi *j (jJu-jjj 

. JJUJI (j^ l^jiSuJI 3Jlj| 


Origin of charges on colloids *Uiljj£JI j»Lu^Vf ^ otlxiJ! J*»l 

ouli (jP <^<Lrfl L^j^i lj£j 4 lo> Oj^jS 4^*aI 4.4>« AU 

jiLU Jl iyjiJI o U^4»J < jjift o>lj (>• 4. > ,; , » < <l>vl j_y>j 1 j| ‘ oljyjjjiJI 
dlUftj — If hi:** jl (jAajJI (jLaaJ'il Lfjjjj 4 > uli (jA«JI l^-ojy 

(jj_> j 4 -Ji>jII 4..'.'>»..nl l olj iL^JjjLsJI J »^ | (Jjj oUUll (_>oaj 

L»l oUyjjjjJI L «, i| U , 4jL>wJI 4 jJL-i jyisjjjjJl J^jjS o i i j . n-v jjSji 

4— (jLUjjt L»jxCj Jjl xll pH 4 IjLjLcI 4jJI— « jl <±>y» 

. LaJtj 4 l i».|-i.iiII L^jul>v1 

i _ r ic 4_ijjj^l oUj. >11 Lijie : Direct ionization 

4j 1 . .»~5Tl Jl 4i^Uyj>J jl ioL-Cj 4 >4?l dllj siifkij (_5 J _y i— iyw — (j^UU iLU olcj4># 
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{ *L3jL>m (14) 1 

( jrt . i > • ji di l il l ^S v il fjM>- Jjjilt Jii — tul_j*JjJI (jA*j yJui i cjUl>w 

: u>}jl tsy> JI udUi 

(RCOOH)„ *=* (RCOO)~ + nH 4 
or (RCOOH) n + H 2 0 *=* (RCOOH); + H 3 0 

: i US' wlJ^ S^jl <_>«*>■ v i lSJu^ US’ 

CH 2 - CH - CH 2 - CH - CH 2 - CH - CH 2 - CH 

III II 

COOHCOOHO COOH COOH COOH 


CH 2 - CH - CH 2 - CH - CH 2 - CH + n H 4 

II I I 

cocr coo - coo - coo - 



ng. ( 7 ) Charge on a ipherlcal macrsmolecuk pojiejjing 
carboxyl group*. 


I J-JJ jJaj 4 -4 . fc j 

5j i ul ll 4 4 tihll 

diffuse double layer 

j U- f'i—^'ll jl 
JSL — Sj 4 ■>• a j 1 1 5jj_-oJ! 

■ 0 ) 

oU )i,>> i ^ »fc~ (jl 


^J -23 jjjJI *UI oU^> ^ y_* £_i J^jjjjjSJI tZjLjj^ji 

j Jju j»j,ujj.Xg-f)l yjgi yjS^j ^b . J I £» l^jS 4t. ruW <4fla 4j U* i—djjuLo^b 

. jLiUI jJS'il lukJI 


Preferential adsorption J*aUf ji^wVf 

Jj«e \iilj Jti* £>b_Jl Ujfc_S UUj J j .l-fc.tJ I (jj objg^U J_oill 
C£*i (jjJlj ^ji—ljjjJI ajl>j CaJLil oljju (jj JjJjfcj jjS~I I J.AaJI ojJLa 

oLi^j»Jl <K..— I IjJ oUtfSU (_> 4 iLru J*j| 4 t iUgj . LJL- jl i-XfcJJ 4 ’i-fc ■* yl 

. y^LcuJ^I Jk»lji y-UI ijilS 4^tSb Lfic uJLSSDl (jSUg (i^JjgSl oljjjUJl) 
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JUu SjLil > ijju : Lottermosser Ea^li! UjJj - 1 

*—xt£ Jl «UaaJI cjljju (jj pit ><i<i J_yL>u 4-ij-n 1 Ijls 4 4 .<a» li ■Lul.uijivJ I 5jjf>^ll ojli! 
4‘n» ,* i ,jj-> .— t»,.i ^Ux>o £>* (Jjl>vj (jj Ojilj. 

(5joj 5 <uol!l oljjj (jj Jjl>vj L_tj.nl |jl «ll Ll) j u>«j Lti^u l <jJL> -LjjLj 

. 4- ljwJ L>- J ye UJ^\! <>» Jl 

^iJI oUJ^l ei» Fajans & Peneth rule jl>li Saeli! lLi> - >_> 
ueLeXil j J.ni II jJb ^jjloj < uLJ I Sjlil Ju3-I jjbj jJI f_ij Jjf luLuJjj (j^£j 

l <Li>l!l olj^Jla JjU ijj^l < uLeJ I jjli ijy*! SjLjoj L_u*jill wJLaJI ^k- < ^Lc 
^ ...^ Lu i Lfiu aJ tjjjl olj oU^jjI IftjljjUl j J.nfj o!xuj^l£JI l IsawISI 

Jy>j >ilij <■ j (ij^JJI I $ W.f< (jj Jjjj (_y^ Ej^LJJ * .'• “ ( Jj1I 

l luI tzj'iyej l 4_oiJI oIjlJLa 5 j L a.1< oUl>w 

->t!Jji! o'iy-e ^ylfc (^oa LfO ll (l_j) 4 ( i ) jMSLiJI 


(8 - b) Ag I Ag + : NO 3 , (8 - a) (Ag I) J + : K + 

tJ I 4 _jJI * o li|).j> ol_k*j JjJjk! oL)_^l jljiib <Uai!l JjJ^j ?y-l 4±-ul> 

_i |>_>..q>JLl Cj^Lal J_5 f— Af.l I (jl (8 b) JfLiJI l « i j ii ' j (8 a) 


- HrO 

♦? ' _ .. •' * 

v % 


$■ r 


\ M* 

a * Vj. , y '/ . 

* 0* J * 5 


V ** J o’« ' 


V ** 


m5i «> 

'*•’ ^ <r '* 0> 

e V\ * 


5 7^ 

* ■r(? 

^ Vft 
S v ^i!l 


SW iS> 

I 4 


tf* *o» 


Fi(T (8-b) Silver Iodide sols stabilised by (a) iodide ions (b) sliver Ions. 


- 478 - 



■ (14) I 

J I, lij'jlJI NO 3 ^ , K SjLall oD^j'Jl y_ji) (jjl)L>JI loiS' Jj 

i_ijL>c" 4 >< u >**> i^j^iJI ol i>j, .1 >11 t_jJl>o 5j«iLi» 0Jy>^i\ 4x1x111 J JjL»*jJI 

3 4_lawJI vLLjjJl*JI Jj— « 5jj J^S) J j-a ^jLp >»H Liu! ^SLojj 4a5LyljL/ jj-f5 

Oj^oJLi 4_>j_y>JI ot tj-.M >11 > .j.j f\J5 4_>LjL (^_5 L*jj slLjj^jLjJl oll^l (jj a j Uj j jj> j 

rijilif 

(Fe 2 0 3 X H 2 0) Fe +++ 

jj.j— -fljj.u.^-1 1 oLl^l j >yi UjJlc 4,i » Jill 4jJLmi J^oJI oLu> (j yi" (2 >j 4>> j 

: l^Jloll ol O j SJj j i },m*ll (jSLjj 4 4_culs 4 

(Fe 2 0 3 X H 2 0) OH" 

CF J_3U jja. ik> 3j^_lL oljjj'i iiSUu oll^^ll (jjSij 3JL> J£ Jj 

4a>li (jJ j Sjj4»jj (jj) Na 4 (wJjJljJl>JI (>«j) 

4jJI 4_lj J+S 4 ,. '» «■ . A t (jj>Ail jjiojjjJf Jj -41 oLy (Jjflj JilLj. oll>j>JI 

(^I^JkII ijj (Ag 2 S 3 )S ja>AJI oUjJ jlji*l Jl ±ikj£ Jyrj Jj 

(4 I S^LfcJL l J «!}»>■ i_i_yuj) If) 4jl>Lo1I jib oLjjiD iajj^iLlI 

. OJ -JjjJ) J-f-> t jjjuJl 4 4 J" 

yli Jj—iaJl Jl BjL-oj ii i>i ,.i olj ojLIjjI i.ii aj.fi! Ijl 4 — j I ^SjJL_> j^jj»JI (jjj 

. i_u*Ju JLux>j Ifliaw jjLij 4 ,ijja)I o Lj ,.> >J I 

Porperties of Colloidal solutions 

, 4jjjil I oljAujJJ 4jlfJI oli.rtll (_^oju J U-ji yistu ujj~xj 

Electrokinetic phenomena ojaUbJI - 1 

Oj*l_feJ| u»m*U CJL->J »!>«> j-SjuJl J-£ > Jl OljJj* £4ji 

; jiaj 4_u Lui j Sj^f 5L ) I 

Electrophoersis jjjyjy&JVI - 1 

jj jjj jJlS.1 *j I BjAUaJI (Jl>u jjjljj Ljjf£ 4, >>,.?>) I i,;jj*)l ol, » 3 . 1 >.!I “*£j> 

Jfui 4 | i ‘> L^j ~<jyxj I — O^AlIaJI Jlij 4^iljjJ jl g > ■ (9) J5LiJI 

,jlf>JI j JjLJI JL>jM AaSj 4 4iijj JjJaj jl jjjj » 9 Lij)^ o“ } ' * *■ ! BJjj-» U !— 5_V>- 
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j (14) 

Electro Osmosis 3 jaU» - o 

<j j_> j jj Jj_>- 1 > J^L> j^UJI k.vjJlj JiLJI o ybltJI o jjb j 

j 4ii (^i . yA J! £ljj <ja Jijuy yi Uj J 

^yLy yi> j t ol tj.ii >JI Jpu3 4^i (_5 jJ I ey>lb J a->_L»^ Le yaSall 

. LuLi j^LJI Jx->jJI 

«■!— . t ic JbL^ (Jil— Jl jj 

jiJb o »j ^SJj jj^l Jl» (membrane) out} 
j jj_j ijjL-^.> (10) JSL-1JL> y LS <• Jl>vj 
jjf-l > jl t ni l JJu (M) ! — .»■ » ja*-L>_i i-jjju^l 

(ja-jJaill -lie jlrfj LjJjlCj c ya ^Lm 

c (jj j JaZ ) l yj (jl 4 j^U y^LDI ]a~ij}\ <£j»- C, A 

3_3}UI fl j A 4 j ia a ilj i—iyJaiJI oLwIyjJI Q_>..njl J_5j 

: iJLaJI 

y _ qCDE/L 
471 T| 

tjuj „> $ -> — Q i. «!l ja*L»JI <(_>Laj (q) j_pLjLj1 ^jJI JILJI 4^aS (V) 
a jjb ( iajlaa 4^jj Lj JjLJIj y l ... 1 1 ja*-L*JI ^U ..» jlc 

. ^lau/^l 4u,tjH£ vjyi>0 j_) (jjiJt <ja *UI SJIjJ J SyAltJI 

J£ ill qL-xU 2 J[ J_^>j Ijl : Streaming potential jijutfl j^jv -— >■ 

Ijlj ‘-jLLiJ'JI J!>L> jL^j jjj— • pi* t (jJ^fSJI yl^aJI <ja 'ijJ (10) JaLJI 

cij— yllja Ul >J I (jli — J">L> iSj-tJ ^j£j ^Jx^Lo Sji yJJ llj till La3J 

lljJI Xf jJI yl 4 Ju3jJI oL-d^ill ouuui jjj t j^_ >JI j Jj-S ^jit iJ^Jj 

jj>L>JI (ji_j J-eLJI ^ Ja-aJ l J_ic iLJI Ijyj Xf-> *a iJJjSj t Jauc^JI u-awlllj 

. (3$Ju)l >.< >Jt l_jyAJJ JIUlj >— JLqjl 

oU a»Jl vi_»ij Ijl : Sedimentation potential ot^ ^jJI j^_> - j 

Oj-*4 <_5j— a lj-4— > (jli (4_4_ey*jl yjjlju ^Ua) (j51w ^pla j is ^>JJ 
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( 14 ) 

Electro Osmosis e - u-» 

yj_> j _y> L_> JjCi- yiUJI JjLJl Jjjfcaj iiu-> O^ftUsJI OJA j 

il>J 4. jl ,«,c j 4 j! (ji . J>.| J1 £ljj (j4 Jtjuy jjl (jjj (J Zxi 

l jH*4 0**" j ‘ ti)Uy-A>J! siJjAOJ 4^i (jjJi 0_y»Uj j v±»Jl>wJ 1*p U A,)I 

. IjjD j-iUJlL-<yi 

»1— S i J5L_> JjI ,.i l l jj 

j^Jb ii_>o y<[J_j jjjJi Jij (membrane) oub ^Lu 

jjj-j i / j j > ■ (10) .SlL •^>y t y* L»5 t JL^j 

jl t (_jj— fiJI JJu (M) 

(j j - tL & l l JulC jLrfj I.JUP) i (jj 

t (j^jLiJl (j. (jl j^UJI ix-AjJI Jajv^t,; C, A 

4_9t>UJI 0 j_* 3_j^tuJl ol—ljJI Oj_>w3ji JlJj 

y qCDE/L 

471 TJ 

Lyj — ^ <■ ^LaII o-La4 (c\) (Jijul (jjl) JjLJI <i*S (V) vl>£> 

ooa j» j.*. * j t <*jjuu jjj jJI L.j JjLJtj ^LJ! jjkUJI < jup 

. «i i u i >g «_< , >« jj (jAkJI (>* »til XJIjJ j oy>UaJI 

J*> .Mb (jIjLaJI J_a>j lj| : Streaming potential jJjuJI j^_> -_> 

Ijlj v-jLLs'il J5L» jUy jJj—* pJP <■ jljjSlI o* 5ljj jjUjjlilpy (10) JjLJl 

« lJ^-k (jii — c5^“Si (_y^l OapLo Ojii jjjljo *111 U*3J 

t 2 s _iUJ! j^_*J! ^1 4_2jJjJI oL«.ljiJI *■ - ■> ~n i jJj ( Xf >JI J (5j_» ^ylc 3J5lj 

(j^-J JaoLaJI ^Ja— Jl Jule j'j— i UJl Ljyj wlijSj « b i. Al l £J uuixu 

. jijjJI ■> ( >>.' jj-lUJl »Jl JiLJIj i_iJ-gJ I 

oL a>JI o *ij lj( : Sedimentation potential -^jJI o^_> - j 

k_ij— i .fij k_jj— < lof > jl-i (M.nj-rijSl ijj jL>JI j^jbu 50.) (j5L/ J5U J iSjpJJ 


A+ -«• 
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( 14 ) 

>y jjlJUj LaS 4 (Dom effect) ujjj jj-5b> 0^ wLiiSj 4 >.— *,; — l , \ $ > j 

. j^j^ijjiSJMl 5jalfc> j-^4 4 — l4m>jjJI 

Optical properties - 2 

: oLuIjjaU I i*l 

Sj_*o. j vj_-oJl ,>< J-i-jj L.jJU (Tyndall effect) JIjUJ j^b - i 

* - .1 «_■ ■■ •*■ 4jaw(yj t«~all 0 132X33 J I ojjLu£j| wM _X4> lx>}L> 4 jiu i— il* J^L> 4 alh< 

4ja5L» (jJ> j-ju lojlc BjAltil Sift ^jaij Ia£ . iSjill «• I^A j <5i*il jUiJl 

f^U t jj _aj L«JuU JilLij ^-.ill I 4 »jii jUI tj^JI jL.ifv.il Jx>-^0 Ijjli ^iloJu— < 

oIaa..a.><]| ^ U JajLdf t^ail 4 ~ >*».*" 4 »n.i IjSU jJjj <uli (Jjj£ J_yL»vA J'yUv ^J>yo 

^J>yo\\ BjL a< (j£ (.Uaj 4 j-ALI Jj^u (j£ OjUtf yt ■- I**."!l £,|j jLoIVbj 4 4_ii BJ_y»Jll 

j 4ill»£*L»JI BJL» _}Jj3 4iul£ Ijlj 4 (JjUJI 

>ll 17 Ji_»}U M LUli j>^->Jl ^»o 

4iju..iu Jt -Sj (Jj-J (^>_£Jj L $ — Ju oUj >.11 

sj # j 4£jL»L»jMI j c JI 

jL*» s . JIjJlu jjjllj DjiltJ! 

J_j—aJI JM_>- (11) JS— A 4 

Jl > 4 _>~ £L*_Aj t-y^oi] 4~n. .till OuJj 

oUi j-jXuj Faraday Tyndall cone JljJyj (ibljli ^*5 jl Tyndall beam 
BjJiD L5UI J^laJI 4_ijiL* Jal^f 3 j 5C ^JU Jl — *yai\ 

|> > >J U H Ja_4U_jJlj 4 o Uj -., . <■ > ■, I I jL. 4 f 4 .lM I JellU J jjlll 4 (I /X 4 ) Lutjll 

• £1J^I j Lfj^jjjj oUo»a>JI 

4 lj_> 3 _jJU icj—u 4_a_;jj j,^ LoJU (Tail of Comet) : 4 _ ujil Jjj — o 

j|_}_ll (jAUU j._i..i < 4~ 4_>oL olaj-4>ll BJJ4) 4 _lLcJI ol d_4.ii >JI joiu 4jlL> JjX; 4jli 

£4jl> Jj4j U IfU ^jJyj *• I J _yiiaj ^yjJI (^IjilLi *£{£z>-\ ^«jJI ioLcJI 

jyj jj- Lu (_j3— II oljjlkll (jl>J j lift JL lx»}U U5 . J^j 3 JuA UJ^iJ Jljjrfj 

. Ia> JU ^UJjI 



fau^-tytM tiM 


L— tbe light source, S— the 10I 
Fig. (11) Faraday-Tyndatl cone 


- 482 - 





j-4 jJLe'il vi>lj >JI of (Colour of Sky) : tU-JI ojl - -> 

5 j»LkJI 'll J" j J_u M ■ ‘■J-uaJf vaj l At os I.-Ajl j*yij 4A(l!yj>JI ,Ji» (JjjiJI pjaoJI 

. 0-* iji^f i*-jJj 42 jJs JjlA- <j-AJI jJlP Oj*U 4JUnJJb 

(JJj—.iJ I J ^j i i ft i uf f 4 4J . *w f SA* 4 Oy^ff ] »l suJ I jAjJ 

4 I 4 oj-> j-if'll ( L^jJ Lu 4 SjjJueJl oL»,4m>».II of 4 iJLjJI <<jui»«JI Jl 
4-jjf-jII Jl^Ja'ill 0-* ji-£ f (4000 A - jjj^f) e jj.^5,11 ojy-jl! 4_Jf^L»*i!l ouLiu 

4 oljlj— «JI j j a >Sl tj_-AJ! »A >Juj 4 11...! I lijJj ( 7500 A ja>^I) JjbJI 

oUajJKaJlj jL>oJI j 0***4lj (JjLe (_y^ jf (4i»lj5lkll ) ijJUJl 

*j_.aJ 1 (jf— * 4 «-j— All qua ?J Jl ift (j£^ |J Ijfj 4 e.v L i«.i 4iiliLu (0* <jyjj (j£j^ 'lij.>. 
(j_» (_>*.! — SLwJ'Jl j— jjis (jp jl a .»... tH (jj iii siiUol'llf Jjjia (j£ Sjilx* lljJ] J~oj <__9 _j— < 


jl$JJL> iauuu »l J y-i t!.o..iH jOju j. * i ij . * j — L j - j lc Li-Uj ^l!l (JjA-'jl ^lc 

. jljjJl »Lui iiljJ iZ j . Au Sjjuf <C*iuf jaaJll jj h*j 4 JjJJI j Jjjj Lilt 

iiui'i! U.V) J~a3'jl I (Jjklf Cj|j Cjlpbfci^U JUj i T u. ! - ! Jli* ijSu IjJj 

j .u* jj .(^j'ill 5l*>JI ^fylfj 4 i ~ . n il. ~ j 4 4i»Lc)j3ll Ojiu U (ijjjiUl 

. sul jalillj CjljjljjiJI iAjUjJ j !a> ill* — Ia> ial* 4j^l>- — 4j-AJI C-u-f-~ 


Brownian Movement : ZmIjjjJI Jl - 3 

ol„»j I,. .», >11 (_>a_*jj ^LsJJI i—iyx>- (jl 4 _i^SL-ij^£^ 1I JMA ijj (1827) (jjU 

^UJ 4 Jl> 4-kuv^la AiCj iZiljjj jj£ 4 ijiljAe if Jj. LjJ »UI (J <ii*ll i^, i j)<-.j J < L .ll 
fljj. .ti9 olil— «.« j Sj jUo S J l CjLSj 4>J( (jj Oj. fcl .x.t ic^»>.» j iJj^Ou LjJI A>j 4 0A>lj 

. jJLOl lUjl ii ...j. i 4_ufj^jJf .1 HI Ouj—ij (12) ^-A y» y> lof 

jl 4 JiLJI jl^u jj—Lc .> .«!»* M 4_Z1 a1I i ><, 11 4_f y>- (jl Aju Ltfi jjljj ^lilwlj 

yj—^jjoJI jj.As. uJ ! ( jJ^ a«W 4 JjUlu jilij j! 4_jjj> ^lc j i ~ "i LjJl US’ 4jUJI 

. olijuaJI si* Lju j_uTi 4j^L> LjjSJj 4 ^j-Aj'Jl ijj jL>J! (Jj*i *ij 4 JJLil 
0_c ^-Au x_fj>JI (j!_j sj*UaJI jl <ju»LAJI illj Wiener (1863) jlulj j-j j3j 

(Jjl—JI 4 ^—5.1.0 1 1 (JjjjJ! ol.ij. .!> (jjj 4 » h~iii jj i oUjLaj 

Ja_jix> j j ..i.u.~ j 4 S j«I u u ifjJ> j A>JJ ^ylll ijjLiJI i)l>J! 4Ailujjj». if j>- Ji* LjJii) 
^j_*j <kwjjj <4jj olj (^5j>J 4jfj>JI iSUaJlj . jA-l \Sjs? pjJsuau ^i> 4 *jZXuj 
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4__>jyi«J I 4lA»j...«.>Jl I oby^J ylj . 4ijki Dyly*- 4_>yJ JulC 4jL£y_y 4 |> L >. ,i.>J I <ll£J 3Jlj 

iU >.1 ^jj| ioliyy>JJ 4y5y»JI 33UaJI ydij L^Ljfl L^jlC ^Uy 4 Ja— »y)l Cjl4Jy»- 
cijUj ..■ >■ yl yJU . i *j— < yi-Sl >i3y»«jJI ^juol L»15j DjIj^JI 4_»-yj cwijjl 1*15^ 4 L$j 
y_* IjuyJJJ ^J_2jjy 4_»li (5 A y-» yi_SI jJalll 1— i — eu ) yjjSJI pj*>4*JI (JO* j 

4i>l_4y^Jf ej^j Oyjuj . C^UbLko^jl ^Kj«> yj yjj}b jl cJ'i! yy£> yl jSjj lijby^JI 

jjill—J lx.*- ly j -K- r> (Jjy_iJI |> 'I ..I«. * . I I yl h - > ^U Luli 4 4ljLftL>o'il yj SyjLcJl 

pj_*fc>JI yi Ja >-!>U Ljjii 4 4_^_>J| yJ yj£l <^-> yJ 4_» J_o ^yLljy 4 jl5Jl 

, yiS^II j»l 'U .-.SI J-Xc. objOl j pi 'U.^Nl Jjy bjy^vjij <_iy_i ^Jylijl 
4-xJly»JI J_J>I ^J_lc oby-eJI yy£j Ljlft |»J..» >«ll yj-. sl>ol j yjK4 y-jj y liU jjy 

j p-i...i.>jj 4,»ty».U yj£ iSy>JI Jx>-}U sill jjj . <J yi-^l l_jul*j| ^ic li(byA)l yj yiSI 

4_Sy»Jl yjl. h j . ^-dyJI i. 'J< 4j »— .ly4 L^Jujj y < »JJ J *.l ‘ill L .yll 

y_* 'J-l-J y_*yjl y a SJjyL Oyji! 4 ?1 <U o l» L 4..X.> Jl Js4jk> j ljL» 3_*l* ijJ UJ I 4=4 l.»j. ,l.>.li 

j-jLc o^-lj yj Jy>y (iy*i '—***■) ^jbjJl lf. 4 J -»y4 

JyJjj L4J eyjbUsJI 0 j_a yLi -Ujjj 4 jy^yil yjlJuJI Jjuu ( iyjyU I 4=4! »j... -vJI ^L—. 

• LSjL^I 4 ~u . &* » H 3yyly*ju»l j u*^ 


Protective colloids : oLyjjJI - 4 

aj-Mj oLyjiu 4-jlySjj) 3jl_* 3_»Leb Jly. .nil CjLo Jl y5L*j 

y_» y j ..»..n 3_iLobi . ( J_J lyJI (3jy«3Lj 3JL*JI oj_fc j ^jJySjyUI Jy. .nil <_j yJV_) 

yj5i 4i»lyAS (Jjjj Ijjyj 4 ^>JyA>Jl J L I f ijjJyA Jj«o i,uvLiu>- Sjlyj Jl yjjyj'ill 

4i, ... lib 1_«L* Ijjj 4 |i<ly]| olyjy«il i_5-)_pj • 4i>LjyJjyi£JI Ja J b t cJ I yj <Gjljj Jl 

: 4 — Joy-oJl 42 jL >uull 4 4- j I 4lj|y J -.< i > s a 1I y_t 4_,> >yl jyjJ I 3. «IV>Sl y-» 

(3_)5 Jrfib <1 4 4.., nil l . y> .,.. < ri Jj-cj l iSjj* C) * Argyrol Jj[_y^j^lL9 

. 3yily3l olyjyAJI yiuu ^Ja^lyj yijill (JjyiJI C.4. J . U . * j^yAyj 4 byj£jJJ jLcu 
JJjJLj c_iy_*j Ljj 3_jUyl! 4_iil>JI 4. . l U ju- U f l l jfy-ll 4_j'iij ytf yjjK.il 1 ySbyy 

4 3jb^ 4 jljl jyJyA Sjb yJ oUly »jl ll JJy6 yP #yb® (gold nUDflber) (yJiAill 

4-4-* jJ I y— I Jy— cJ 3j_. . . i !b (jyjl Jl y*>l yJ yylil Jy>J ylibMl yjub (y*^4 yj^JI 
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(i4) 


(j^j 4 <-iJI 10% Jj 1 3iLoJ jJp J_» 1 0 <«-»o 

jiSi (>• jf Uj j . (!sj^> £*>o (_fl* 4Jli oAjJI Jyo (JjJ j (j^JI 

ol^J^Jf [ a >iuu J_jv d_Jj £J t CuljijjjiU 4 ju«uJIj i^iljJI (JjIjjJI 

. (PVP) J J «1 » <Ji« 4 « j lb ^yj AjcLoI! 

^yjJI jlj_il (jj 4^Ll_jjJa^JI Jl_jll J| ~ 1« ~ — i^tijjl 4jfL,u lS_ii O.x-i.1 Li j 

ojj>Ij ojU A-> V 'll US' . oUj.»»>- ( ^1p (!>^>o) 


Colour 


:ajU!-5 


V_- UIUUi , 

* >M JjJaj l f K. -jrj oltj ..,>.,11 jJjJLsnJI (jjj ■Xa.'iAj 

|> •>■>■ >_j ll>Ji LiljJl 4— oil! iJj—o (JjL-y i ■l.lj'i.rf.'b >y-i <S jJI *J-«JI 

«nj.nl.»lt 

Filterability jill 4 jL>p - 6 

j_£Jj t ^j _. * jjil I 4 jl jP J^Li- 5jj_i£JI |>J ■>,■>. 1 1 olj 4 _aJIaJI jl^_ll iJljl Jajv^U 
ClUui^i 4jli JljJ . illj^l cjp l _)i* oli^*JJ <-i— <JJL> 

. (uhrafilteration) ol>vJjib ^ « -o3 olj <s^jj ol>>is olj 

Jl»j . liySj lijjjjo 3ij>w«JI(y i L.jL > jJI) jl3*iJt ijj l^h t -oj (j£ij oL»w^ll aj* Jjbj 
. (oijill) SjJIaJI oboj ijjJL vj^u c ,> bl « g (jj o LL »aJI o j> 

DifTusibility jliuiVI <L!Lp — 7 

(normal solute) (jjloJl otjll olLjjfy SJjHj j# S l*J i^l^l 

( j_ iyi>J! oljJI tj-» j- ^Jp j L.t-u Ml 4- l v i l i i_ijjAJI jljll a j* jj»J Uuli Ij^Jj 

. (True solute) 

Osmotic pressure JaipJI - 8 

D j> ifco ly i_jjA ojli iljl/v# Jj i _ii >11 J^l >«1] k«-aJ l y5jy 

*' " J ' rtc 

»L*JI ouLi t (jjj tut. oJ I — 7t, R, T, C, M (jl ‘■i ju > . 71 = 

« * NX 
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( 14 ) 

Ijl . k-jujjjLl) Lc i_>|j_ *U ^ujs*}] (jjjJlj jjSjill ( <aikil <>-jJ t Cjlj L a13 

tiij - jj J_ic «— >l i— * J J ^Juj>JI (jjjjl A— » lj b.-olxi i_ukL!u^ JajueJ) (jli 

jXJ»c> j (jJJjJ'ilj I (jj i,JjL*a4 viA,u^ ijljj ji* ‘ Jli* . 

(jli 4 (j4 4>-jjJI Ij*ij Jo* L-J I n . « ,. Al l (j jj «~ ^jj t Jil (j 4 (JjL«UJ 

olj ojlll (jl j->J I jJ . jjjiUI ^^bj^Jl (jjjll (_jlc ejl»icl Ja-^^b (7t) (jjjj-u'il JsjLAJI 

l— $J (jj I*w bjjJl (jli U . 0 >~*V l$J (Jjjj— /^l JauLo il (jli jOaSlJI Oj ^ 1 

j£-A~e 5_>jji!l j|j_JL! (Jj j Jai-cJI (jli Jlilbj . (jJJjJ'il (jj (Jjjj-J Jax-i 
(_5jj J— ,'j| JsuLiSI ojL<l,ji j>* ijlc 5*U5' oli oj^->l *jJuoj j»jL JUoJj . |j_> 

objjiJI jIp OjI j^>Ji ol>jJ jJjb — 9 
Effect of temperature Changes on Colloids 

i±jJL_>vj) M-Jijic jl AaL-i <l a — ~»ljj oiaJI j Jj£ Jl iijjill Ojlll ollyjjj- Jj>Ou 
«• y~o ua^jlu jl ±ij»X> . 4jS JjjJI -Ll»o Jl (jilJI j .t »■ > • 3 jl (j j (JJjJ L«5 . ( I nl . a -j 

jljJI (_j-J-t OjljjfcJI cjb^jj jjaj (jl J-»J Uj . f <J j Loji l5aeL*j »... J I 

*t_ib (jiL»i)l (jj 4£j**j L^jJljl (jSuj ^-Jl 1 }bbj . L^JaLjo Jl (JJjj i^jjill 
(jLiiJI (ji-LJI »Ub (jiUj . ^ujJj^jJI jljil ijljlj Jl>JI j lfM«*fr lj| JjbJI 
. a La £;t~cu (_<jtVi~ll <C,lL*£ JljJbj ^i-L»jJb 4/Lsuil I i jS jjjJ I jljil L,l>j Jl (JJj^ 


Stability of colloids oLoj^l obu — 10 

* >0J1 l 4 ..j’lljjJI iSj^>JI ( 4 1 >. fill ( !()*»" jjjl Jjic ijjjill jljil CjLu Jj j lu j 

oLljjjfc (jLi 3JL» jl (_yJ®j ‘ ol’i>« .all J-ol <Jjli*j iiuLJI lxL*«ljj <jjj . ^lll 
dsj *11 Jjj* uiili 0^ Jjl— ki»J->u 

(jli IjJ . (aggregation) ^ .*- > J Jj^j i-iMJI li*j I i*j . jj^Jl 

1 * ill (j__o J_5 j ijlj.^t'SjjJ^fll 4_tfjA>w*JI oL>o J_X( l_J 4_Aikill *UI CjUyj^v 

4_CjAj k* ji I — 1 — ft jJI Ji* ^uiaJ ji*)l jljil j^u JjII li* IfJ (_>»» t »J (j 5Jj . ^>j SblaJ Ij 

Jj^ (jji-« jJ Jl jilSoll (Jjil ^JuiuJI Jjbi (-JjbfJ CkjI'i JjII lia . (CH 3 ) JjjljII 

(jj-Sij jjj—aJI oli^j^v J^jjL>JI jji jLcJ ijulj^jJI ifj^JI L*Juj t oljjJI 

. CjIyjjJI A *feal obi) l,jjj>- iaJjj^Jt Ijl 
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: oil>oL»Vlj oLJL>jLaII 


S-abUJI 4 ..j! a r} I Oj S J j_ >1 j JiLi jLioj) OjLlc wJ >JL«JH 

oyj j tl_< (ii) j (o/w) »l_4 j cj_jj (i) oU-»i—!l (j_ • bJljAj v_>}L>bLj'ilj 

j t ^ ^11 jLuJI J j.njjj (o/w) £>* cjUL>J-jil ^jiL> . (w/o) 

»UL 4 jyit>b Jj'il £jJL 1 J • (w/o) 511 jtjjJI »_yb *i ji-'ill £)JJI 

o>j (jl_yi_i (jjJjj . iJuLayj <LuloJI L»! . *UI j (jujjJJ <LIS ^Luob oj^zj 

OjLlC oliy>w]l L»l 4 «■ L»/ Cjuj i—i.LaJ.K.t ^fUb opJ 1 Ja 5 vZjyj OlIajj , JaiU 

. (JjJvoJI Cjyj) . C-4fj /*L« uixuu £>£ 


: O^L>awVI J^U jl i oUi>uu4U jjyx>3 
■I )«j 4 l .Aiy gljju'Jl (^JjLk 4-J. > u..< » J & * h> u3 jjiJI b .. |I jjl 

Sj^JLo olj_kj 4 j-t J - b vJij-K (JiLJI (jli 4 *UI (jjyj jl C-yj 

<_jj I oljiaiJI sjjft (jl jl . liU I... jl > . * ■.■, ll IjA (j£Jj . Sj-i i.u'«j 

£>£jj J , (jjliitj UjSb till ^ k ..^ ^Ln~« LySj L>vLw 5j j5j ijjlj £*>uj 

.u^Lab-.'i) (J-tby L-ijJU Li 5 jJU ojl» iiLoj kwL>y <jli 4 OuU 4_il.>u..«j jj-Aab 

tij^f (j^_j <>-» JJSj 4iy> JUi jjJ <J s_i!>L>bu4/"il JjLpj 

^Ijli^IIj oljksjl) cjlij,. ,«.>JI JalpO ^Ioj Lu ^iljJI k—i^l! £>jjj 

^n.nll 4 4 oLaJaill 4 (^jjLcJt iiLej ^jA i_>'}L>b-*'il Jjlj*) dl)j ^ic 

, oJaSjjJu^Jl o"Vj-aJI <jj 


The structure of emulsion particles : <LJL»JudJI oU.u.«.»!) l_u5 y 

{ jju±z oJiL— < J «. * .. ? »■ ! j ^Lk; SjUa cjjU >. <3 ! 

K ~« La| • .. 'i ■* « ■*•_■ |jj> 5 yi~a o_Lu lJLAj ojle ykj .4 t i^L>CL* > ^I JaLej , 

»Lil £» oUL>o-u oyjJI bole 4i>jL>y IjLi (j^ll ^feuJ 4 -iyj .0.5% - 2% y 

,ly5^>' 4yjJa»j 4 A jSji jy} 0^* 4 (Ji* *jl <Jsu*l_y 

(j j-Sj > 4 yjjL^iJI oUyjjfc- j ( 

j_5J J 4 jyjll ol J bill j <i..,t«ii {jySj 4_j^v i1‘m* j 4 4lyjJI 4 J a.u I y> ijJasLo 
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dJjJ * >»J~ ’j (13) AJU ^ .n yt yj> 1*5 tUl J^lj * f yyt CjjJaSlI j_yiu 

Ijl) v— j^L -k’L . l. MI (JjIc <jJ Vb ^M 9 J^ 9 <j£ O* OjI jiaj (j_)Su I_jj«>> 

(jjjf >■" i ii*j| L Jjl c c_jLej pJ 

t_S_y-< CjI^LaJI (jli »U ajl ) CultS Jiiu 

hill <LjLUJ \jJoj <JL»J| j 
(Free 5j_»JI ij>«h .Jl ojU» 

( 5 ^J uLi dlJjjj surface energy) 
jl jiji! jLoll'il 

L)—* (jl J * ■ ; , . l, “" *Ul 

liiLijJsJlj 4.J.SUL4* <,,.£ji» CjjJb l*A 

Fig. (13): Oil lit water emulsion oUu^ L yJ # ** L^k- j^L 



K,0 



H,0 


Fig. (14) Oil droplet is an emulsion 
protected by a Isyer of soap molecules. 


oll>wto j j5j jyjLaJI 

LJuIj v. „ * 1„> « 1 , . .all y_)_Suj * >j JI J-Ai 

Lc L-.L/I >. oLu ' 

^yJLcj t L^SL— «L*jj 4 a*LJI cjLu 

jl cjlj—ktll Lc s l iij^5JI Q->- .511 

j-iUJI k_^>yi >. ioil^Jt cZjlLJI 

J£Li ^ 3JL35JI j JjJJIj 

•( 14 ) 


Importance of Colloidal Chemistry : «-Uaj5 

jJ-jL * 3 . «■! J ijfTH oltjjh* o'iljK* ijLfi jl.n~>(j t-y^W ^yilj 

(ji jj 4 (Jji-Li jl 4_i^kj 4- ku jJ iLjU^SiJI Cj'ibK* £**> 

S j Soil ^lj.,511 oMcLiuJI ^,j*> jl ) JUWjt ^l«,uK> <i}j£ j _j5j <£>J! OwjSl 

4 jljSj'il 4 *l j « iii > l l Jo^ 9 <!>* bj j wJ U (j 5L*i 4 eb>JI Ojjj-aJ i*jjUI 

*1 j 4 Oj j - . A . * . *) *1 j -'j |>L» j»**> 4 ^,* willI 4 jJLilJI 

oUl jOL*II JjU ^Jj^ I k^JLkll olj. A >.',<> ji.A>' jj ijjjJl tl u L* u 5 4 
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4 I 4 ol^JI Jj . A . »* j 4^*»i jj ol^jytJI pie icLuoJI jj 

4 04 il.i.Sl 4 j> »il| 4 tjj-ill 4 1 .till 4 4 4_jiljPj3yJ I jljj'il 4 <bh— «U^fl 

4 j O I .4 in 1 1 1 4 j^jl—oJI 4 OL^j 4 J_)_L»JI 4 JaUall 4 il L » l I ^1-,-JI 

ol»uuil jl j±j£ JJPj 4 JjLeMlI jfjll 4 jjb»JI 4 JjjJt 4 J^JjJI 4 Z^j-coJI olj*ai 
4 4pbjJI 4 jl^lUl illjj 4 UL-JI Jil llLJI Oli^LaJI IJAI KJ iJlaAj 4 |_5 jJk'Jl 

4_^JjaJI 1 0..ii«.>»~ ^jjJI j J.'j oli>wJI JjLnj oI-J.iajj ol_»L>J! J_a3 

ejj OkJIai 4 sL^II <jijj Lcylj 4 LlJjJI £)ij£j J-u 4.nj.it>)l j 4jl» oiU.jjh* I {;• -yj 

. 4 jjI l h l 4 ^ H olelLoJI J 4 ^ya vaJ I t_jj^aJl 

Formation of Delta : UJjJI OjjSj 

jl^—iSl oL^u j"! Ja AS (J *# J Lfjl , uu JuP jLfjM! j JjSfjli jjUl jl { jtie J! 

i^Mj-lPj 0 J •' ■■ « (^jjLJ!) o l.ij,. .1 ai l jl La^l 4 4-i. jU I JaP 4 uj-w j^£j 

^Mt^l _yjtu iUjj Lfl tSj j*JI ^>»>JI o>lj ol j“il jSJj 

oU>..lll JjL*j <_i y* jL>uJt sl^a j OJjj>^II olij/il jl 4 4 -oaII -UP jLfcjJI j 

. 4-JUoil -UP t.i L i.< jjJI A. . ( j^ill) I Oi U l i ..i > JI ^lc DJja^ll 


Purification of Water 


sLdl 4 _uuj — 2 


* 1—11 j 4 -i_. l l I 4 — jIjJ jlcj 4 jlflMl o Jj J 4 « 1 a» ^jaLJI o Uj_fc> j l^j x Sull j^£j 

Al 1 oUj^l »~ 4.4.111 jfj 4 l J hi ><'>1 4 j> ^ jj u i_ul^i)l <— 1_ jjJ lJ^_> 

ounjjuj Jal>uu ^yil I Jj-aII Oilt u i.<> jjlc 4 jJLJI ol 4 >>.l!l JjLo ^jjll tUI j 1 4 ££ijj 

. 1 f JLAJ 4^21 £J_OJ ^ylll sljjll ijijjj 4llJ>^>J ^Ull J 


Sewage Disposal Clearance ^>*JI o 9 ^1 #L» j owljjJI iJljl - 3 

j_£ 1 4 - 'll (Jin IWiil j_SL»i) 4 — ll L 44 J ojijj Jjill Oj jill ol* 4 _k>JI j^£j 

oULv ol« L i.»>ll s i* 1— 1 jjKjj 4 ii j ,> Cataphoresis ililw 4 v iL»p 

j_SL* 4 j 4 t_A_i jjuj l^jujw -U, 4 .j 4 4-1 a. A l l J I 4 J iillaJI 4 _jliai'il _y>J 4 Van.lll 

. jLt-*S^ 4 j_jill jijll JLu 4 ju.iI 
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Smoke precipitation 

Smoke precipitation 

High • tension 1 


Point electrode 


Platt electrode 


Oust • laden 
gates enter 


.C’tened e«Mt teav* 


^vai. Weight 
i Hopcer 

'FiR _ 15: Cottrel precipitator 


( 14 ) 


: ‘r x £~ > jJ “ 4 

J iSJ* H 

(J »<■><! Ol-tLj 

U a ifrl cOll jL-i-JI 

I jJlc J ftj j__v|jll 

j» ~~ j ol — 

J 1^0 L J l m I J ■ I 4, ^ * I £ 

jj j j > 

j5i> viv t ■ > .<■ » ., II j JU 
j*— e yJI ^ I £ oLL>*_lJI 

kijjL »yj 

. ( 15 ) JSLi 


Curd formation : ^jJJI — 5 

lj_» (I - J . A » ■ > ■ ^JUOj) l .,< A. ‘ uC 4 jj-LII j-a ( >il . jtfo U I !_>A »>) LJLe jj5u 

• 6^ Ji j (ujvaJI sjU) yjjliJI Jj^vj (_>JuL>JI 

Blood : — 6 

t jjJjjjjlv I jjajJt) oLujjjj l# 1p I ijj>o j»JI jl kly>- 

i c iy * j . ' j £ j. * a.j la I JJtj i CJj.Aj.XvJI jl jijjjjj jJ'j' ! olijjl t ti . I jj £jj»o L$J eLiJvo 

. 4jlA1I JLjCLAj i_ibjJJI 


Detergent action of soap : ( ^ufeuJI J*ill — 7 

4-ju.ijju <uLo olaj.iii.>-j <jjAJ jlja jjj j£ OjLc Sjljill jl <_5 jja1! Cy 
: <jJU!I iljlujil IajL o I j j j Li! I 3J !j I j jjjLoU ^yukllll ,Ja1!I yy vll»j i O-ti'j'l 
Fabric dirt + soap > Fabric soap + dirt soap 


- 490 - 




ulv ' 1 u-ij— # ^UaJI juwJj ^i!I kuljjjUJI j> { ^Juyj 

jy-Sij <-i_j— «j i (jiL»SJi ^ k -i ^Lc jj »Ul ^J r> . ti\jj 3J 4j)ljl ®jj-V <_s jJ fj i 
k— 4<— 4^1*P If) ^ i Iji, (Jjli^ll jl (j_jjLoJI iSytM CjljjjUJI 

(16) pSj JiLlJI j jjjLai) jjuljJI <• (^it-»i)l iSj >- 1 BjJ> 


JiSMMjy 





Fig (16) Removal of greasy dirt by soap and mechanical action 
; i,JLi)l cli!j1x>JI 3 y> IaS iJlilA j^jLoJI Jj-c 

ifljjjjOffJI ijljtMl jli »LD (j^jLaJI iiLoj jle — I 

5j_ij t (i>-l — jjJI) — liifjjjlJUIj »L1I (jj-j J-e>Li)l . J l _j>0 i_i jl>Jl; i — . («-l*D 

. (16-a) Jii yiUiJb oLajJI ojui jj __>^Si oljjjliJIj <3 LcuJ I 

^JL . <j_j J5 Jjit j_jjLeJf Ojljy_)j>J 4jJjjjjAff)l i_*lji»bU >-^u < y — u 

(16 l J5L£ 4j£filSbi) J5L. jjb Cjljj jlill J_a4 aV i j . * (j^ » (jIUaJI ^Jsukj f»L>^)l 

.-b) 

^y-Lt «>,.<, jl? ijySu — oJI viibujjfc jM Jj1»*jJI j <aLu ijuljjjLi)) ^jux> — — »■ 

, oljj jU)l oijf>»o ln L i a»’i j^jt_«)! jl IaS^ t t_JufcuJI ~ ia . <J I 

jljj Jjjj-j ^jic Ojjjl b^A> J«~«~ : Lfu CjLjJJj*)) otl fi j a . " ^^Ip 
olifA> (Jjlil) Ouf< jljj OAAwSl jl jljll jl Ai f> ; i^jjP iSJUs- 

l— . Ojill J_>b y*iiu)l oLUl ^^JLp JlaJbj oij^U iyf3 jl jfUJI 
Photographic plates i^il jijjyll ^Sl dl)j5 t _pJI j ^kll j^ 

jj iujj 4_. AflU ol_yj Jyl>»AJ J nl >^ j^3Mf*Jl_j Jfi jj Jji»<A jP OjLlC 

. ^Ip jfi^tf»JI jj 4 aJsu IjLsoJIj jbjiJI ^jAP < aOa) I Jjj JjJ jj 3^*-* 
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OLjJjjjUl ^JLc <Uj— il 


CjLa,u.>JIj Jj-U>«.)l t 'J < l i 5 >11 (J^l.»«,ill (jjj 4 II 4iJi»JI JsliiJI ( jjbU — 1 

. I 4<^JI cjli-aJI ui.ojl . ? 4iUll 

4 «.^ll OiUjil-ull (jjuu _j5"jl |XJ I JjL»s*JI O L>gJ 4j.vVj.nl I jjLJI £>£ i_ju£I — 2 

. i,u^jJI el^kJI jj cjL,u_j^iil 

? 4^ijj (j5L*i — 3 

£>4-4 4 4_,ujIjjUI ^l^L>'j| p U » . A . H (J-el £>£■ ojju 4_ii5l — 4 

* c 5JL>*^ (J.Aall 

Sybil* ytf L t_ju£l pj . ? (jeljb- ~ 5 

— (_» JIjlIu jjil3 — i 

? 4j,jSjj Ubljj ol il ■v'i.,.11 J4-CO-J j£aj JLsJ — 6 

: ">tS" ^41 4^j*i j£jl — 7 

^jJI — j ojJJ I jl>j — — >■ ol^il 4 u u u — v_i la) oil — i 

? yJjLoiJ ^ i jhut l JjuJI 4« v i 5.>- jjJbU — 8 

? 4^1 u J^lllj ijUjijjljl ij,ij Jiyll ybU — 9 
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tl«ua (is) 

ilttll J*U1I 

Catalysis 

jA>Jl J*U fyt±» 

^yic Lj I 4 J jl y* jjjj-j Berzelius —(1836) —1836 jJUl jam 

J-te ji jaIcIj . J^UoJI y jljlt villi vilMfjL*l jjjj Jj* 1 I l^JI csi JtfUi! Jjjw 
i»lj <ij>- ji oljjJl 0 i,rfV» vt !,)•»' oll^jvJl y Sjjvjil aLujSi jjm LfJb jl^ll & ja 
(jj_>v^) 4_^yj y»j Catalysis a* 1 £ y*j v_iy ijJj . aJLcUiII j|^*il 

. Kata = wholly L>) j Lein = to Loosen 

j4 IjaIaj jl5 L»S J*Uit Jjk^ jtivJI JjUJI ji viLi j< villi* Lr « t jJ Uj^cj 

^_Lc jl. .A< j^_jb l..A^I aJ jU»Jl jL j'il Sj^jwC o*5l L> oj jS- (jSiJj , 

.JpUall 

J*Uil Jj_ju jj-tp j-jy ,j-il SjLII <jL «-jy^ si* y jli>JI JjL*JI lj| 

Jj-aII j_SL«^ a 2 jL-JI cjL*ji«il jjj ,J*Uil i^Lfj ai* j^Ljy *-1 _y> L»S yLy LjjI, _i « l i 5 j 
j_« J— yll Sjlil jli Jlibj .JtfUil Jjju jg JJi,; ji a)L jlivJI jb 

jl J lu (J pil BjLaJJ A.i..„iiIL (jg ^ollj ;y .- > - >jll jUlvJI (_)_• I *J l_i J^Uil (JjJW 

. v_ JluJI jlL*JI JjLaHj v_iyo Ifjli Jjju jj iyvi.>j 

ytj . v 1 j>ji) jlL-v.ll (JjLJI 5— Jy jj-ny jvJ jMlj 

: ji*JI £lyi 

.igJlvil y* OjlLv July —2 . A-ulvoj ejlLv July —1 

j lav j y>y y*j jivJI ^jib *— SjlivJI JjIjJI j* jvl i>^ l»£ 

• (A^vjlyjJI) A^y-vJI tLjUaSJI 

1 - Homogeneous catalysis ji>}\ : Vjl 

<-»Lj J*Uil! JL-jll y jU»Jl ji y»^ lj*J LgjLvjil AjjjLvJI ol jU n l l y 
.JJIyJlj oljUJI y ojlivJI j* ^1)1 lo» J-aLL» JjJvaJI y 



- 493 - 




: Jx*jJI J 4~JL>uil 9jU >.11 (_j_*!jj*JI J& <11*1 — 1 

■tj — +*>1 j j_> j c*£jju£)I .>,}■■»» *T I iLJLI J] ou^j—SJl jo_^I ^yjl_5 ox^S’l — I 

Jjl*£ (NO) 

.jli-> (I 2 ) J (CH3CHO) iSj — <_* 

CH3CHO + I 2 > CH4 + CO 


vapour 


vapour 


LAjiL> ij cjjLclJuJI (j_« g.j.Lc .JjJLkJI jU_*JI JjUJI Js- < 11*1 —2 

.ijj-tli —(OH*) i^A*l> — (H 4 ) <Ia~«ljj 
k _*j . (jj^jlj 4 (j£-»_}j.l^l <j_^i c-a-oll! jSL- J_L>o — 1 

^ US’ .JfyiJI J* Jsu-j 

C 12 H 22 O u + H 2 0 — ggS i - > c 6 h 12 o 6 + c 6 h I2 o 6 + h 2 so 4 

glucose fractose 

J yrj tf* ojl>>! 6^*ii “V 

CH 3 COOC 2 H 5 + H 2 0 * 1 - /ot - r ~ > CH3COOH + C 2 H 5 OH 


Acetic acid 


ethanol 


jU> JjL«5 (I-) jj^ii qJI J Jj-^i jji j j ~>& -uue — _> 

2 H 2 0 2 — ^-> 2 H 2 0 + 0 2 


2- Heterogeneous catalysis: jjbJI : bjtf 

l>^ . II ljj> ,<lcliH! j|_jl! jliL>JI J^Ull uj^t i o.ie> i Jl* J 

.<15L. ji iojlc j Jj (jl L*J <lclijll jljll l«i u 4 . 1 1. *t.H <)l»J| J jLL>JI Jjl*J! (jl yt> 

L* yJt j jLi>JI ^ia <UUsll jljll ij£j JLoJI <jJUe <jlmJI oi/k (jl U5" 

j a IAaj i_iUa3l <j^J» jl jli-aJI (JjUJt ly>o (jl (jSL*i La^l . JLaJ'ji! j*L»Jb 

,<cli«tt!l J ^il 

: " 1 _huLxLj jaaJI" ^yjJI lift ^1 p <Uju>I 
J <lcimi £* 4— bbcoa (JjI^jJI (j4 ^jjJI I Jl® (^1® <11*^11 (^kiu 

: l » Jj (jSL*^ c-.iLo.1l jt JJLJI i jUJI 
: "JUfrl >> " AjjUJI iUUiil jljll 4 il» J -1 
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^jJLiJI (j-jl— > jl l j — > a. l l (0) (SO2) jL»oI —I 

<2^ jb) .(X^Os) 

2S0 2 + 0 2 — i2L> 2SO3 + (pt) 

gas gas gas solid 

jj j*j y^Sud jL>JI — i_» 

^il» <u^ jh) 

H 2 + 3H 2 + (Fe) > 2NH3 + (Fe) 

(g) (g) (s) (g) (s) 

(j A . t> j j jjliJJl e 5 1 — _»• 

.(iLyiJl 

4NH 3 + 50 2 + (pt) > 4N0 + 6H 2 0 + (pt) 

<11 Jjjf-j ^j3 4 «j,< » jjjiJI Cjlafjil — J 

H 2 C - CH 2 + H 2 + (Ni) ► H 3 C - CH 3 + (Ni) 

Ethene ethane 

Jo . *S ^JLJI jjiJI u^-JL>JI ,<,plju]l 

£>H J»y I jji jU» <J* 

(j_J 4 _jL» j\j-4 i jA* J_OL>uJ 

.J&rjjj** <-£ji i-jjjJ JJjj .(Vanaspatighee) 

:5JiLJl <UeUill jljll ‘Uojl>CL* Sjli> —2 
2- Heterogeneous catalysis with liquid reactants: 

ji . v ..» S i (jiUI -> !>• ■ «?) I <jj* ji~* S u — i 

J£iJl 

2H2O2 + (pt) > 2H2O + O2 + (pt) 

liquid 

->>>J (j-* £* c«3^ f J* 1 * 5 “V 

jli> Jjl*£ ijL*JI 

CeHfi + CH3COCI + AlCl 3 /solid > CeHjCOCHs + HC1 + A1C1 3 

bezene ethanoylchloride phenyl methyle ketone 
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( 1S ) 

: 4jJu tf 8 jU» J* 4lgUuU jl^a —3 
3- Heterogeneous catalysis with solid reactants: 

JjUS jjjjjciil (ji ofj_jlS j ^>5 j —I 

2KC10 3 + (Mn0 2 ) ► 2KC1 + 30 2 + Mn0 2 

solid solid 

Characteristic of catalytic reactions: : oiUUjJI oojI^> 

. i-u'il L^Jj JSJ ^juLtJI (.^aSLftjJlj , aj.5 •>■ » 1 1 o^UlilU 4i. U>» » I Lo^l 

,jU>JI JjUI (m yoj La> Jj UIU £>jj ejA 

US’ .JpUuJI <Ul^j ^jl> <U ouSjjJI jj j ji oulj J«L>II JoUJI Jfcy —1 

«-L. w SJI jl 4 JL&I I jj »~ i i 'i jlJUJI jJjLxJI jl ^uSLI! (JjJL^iJI Oj^lil 

t _ 5 -* J^l— -*3,j5JI J S .... U 1 ^ (>omj JL»- (ji 

jLiL> J-*L«S ^jJUUtl J.J-.SI .> ic cjljjiSJ (jjlj^JI jj.^ Sn . 1 1 U^»J 

Jl ji&i J^Uil i^L^j <y Uli 
.<Ul$jJI jU> Jtf Uuli jU>JI J 4 UJI ld> 5 j±*+o “UaS ^Li>j —2 
; 1 ^Llai . 4jLelilII j|j_ll <j_4 jj jS jXjJ (j Sj c^i «.r 4 jaS 

j u- .i S i s j j» ^ S L ll (^TsUl US’ 4 JUU 1 II jI^II 100000 
jj_U>oJ otJIjS Jjl^s jj— 3 L»S j— >1 ^ oj^jS 4 l i»S jui (jSU; 

L»S 4 — Uliull jljll tjj 30% Ujjj 

.OjjuSl <(jJUf ji jjU^ll ji>U 

1- CeHe + CH 3 CI - - ^ - > C 6 H 5 CH 3 + HC1 (Friedel - Crafts) 

2 - RCOOR' + H 2 0 h > oh ~ > RCOOH + R' OH 

3- RCOOH + R' OH ^° r0 ^'-> RCOOR' + H 2 0 

JpLijJI 4_*Uc .tiuJJ l^**o JjSj Uju£ J*a>l ^i>JI J*U jjjb -3 
J! lS->P ^k— Jl 4 jvI *j SjLyj (jli J Li! L j .jli>JI JjUJI ^kw ^ie U Ulc 

. jU>Jl JjUU 4_iJa1 1 I 4^-1. ^>1,1 L^UjUu 4jUUjLll jljll CjUjl~o SjljjJ 

J_y> -j Ij3 4 I L I«< A^eye^- 4 J JS j^l —4 

|j_A JJu *jj j_>Jj 'i JjL-JI (1) J^Uil !sU*i .t>*<u jli>- J-»U 
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J&J33 JpLuII (J^LaJi jjJu |jf villoSj .Ml* (3 1 2) >iil j5j JpUiII 

: i^fl xJli'ill Jji MjL*3 Ji* JJ JplijJI Jj>o 

: J_jj>« 5JI Sjuu^i 

1- C 2 H 5 OH &2*- > C 2 H 4 + H 2 0 (dehydration) 

ethene ^i-l jlL»- JjIp (jSDj 

2- C 2 H 5 OH Cu/A - > CH 3 CHO + H 2 (dehydrogenation) 

Acetaldehyde (ethanal) 

Jj_«j ^jS .L — aj jli>Jl JjLaJl j| (_5 1 : Jtfttill ajU>Ji IjjJ V —5 

jl^Jl ( 3 1 ) L» Joj L»*» JpLaj tiu_*^ & £ * j "i oMpI — aj J I t^iuu j* .JpUaJI 
5-p iji-; h..,il.».l l US' . JjP*i t y^>' (ilpUHl 

^ tvAjl j*-Ij (JpLAlIf jLi (jJ 4j*iaS Jjj-j ijilj 3jlj>JI (jj ijjLaJI ^JjjJoJl 

..111 

1- 2 H 2 + O 2 Roo ^ T ^- - > No reaction 

2 - 2H 2 + O 2 - - ■ — -» 2H 2 0 

oj_« j£>u (jj aJ : jli>JI JpUJI —6 

(>_* a-jjj jli>JI JjUJI (ji ^%-oiyi (>«j 31 1> J! dy+jfi <>jJI 

^kJu4> A_juO (JptijJI Jjlaa A ljJ (jli IjJ {JjLudU y^lSUj^lj ^U^l JpUjJI <pj-v 

.(1) JSuSJI ^ US' .J^iyi JpUjJI y-ii ^ 

D 
J 

*H 

•w 
:> 

-> 
u 
cd 


*1 ^2 lime 



Fig. (1) 
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(JjLjJ! vlauu <jl jjIa : Jll» 

<LSj Jj J-tfu ( yl» 8l>0^l ^ jt~±i J^UaJ! (jU SJjJfcj ( _j-9 £>&_) ,jlfc>Jl 


.Jii 4JL> JJ j»j^UI Jj'il (jlji'ill 

(jLSJJ LaS^ ( yi£ (,5jL>JI Jjxj acLu 3 cjL>jJ —7 

l jL I t>'il J u » , oLuLaJ Ijjj jojIj ^>-jJ U5 jL> jjjj J^Ulll 

JJL>uJI US’ , ^Jx z _^jb <d u_^ L*jj J^liall ^yl* Sj!j>JI 
(_jf ,4_LeUiII j 1^—11 ,til.>'~ Jj Sjlj^JI 4_>jj ^Ujjl (_y^ &jby)l i s j yi b« .(jjj^LjJI 

J^LijJI ^>ljjL,» |»_J SjI j_*JI <j_» 4 i t i » » 4 h«i (_y-3-> j-*^l t5-J L_ a ^yj j£~*j (jl 

4j_j1»j Ojlj^> 4j*jJ ^y^la* <i>L$J 4 J J^UjJI Jjjc» (jj ^*j«JI ^ylftj . JjjJl (j^ajLjuuj 
(jL.-j.l4) I 4jfcjJ C^LtfLuJt sift JjL* ^yltf Oyjjfcl (J*)f C^L.IjjJl (jj 4j^l*II 4jfcjjJI bl»j 

.iUUill jI^aLI 


Promotor: jU>JI JoUJIMi* 

j x jj u y J^LijJI J= jj Jl 3 jU iiLeb jli»JI J-«L*JI 4jtLij jljj? ,jl <jSL»j 

L_f) lajjijj oi>i jS Juuj ojlL> l j,1»j>l-> ^yi I. - X-. J ojlil si»j : sic 1 — j 
.Feeble catalyst jl*> iS m J lyll ,>5^ <j£Jj JjslioJI ^ 

(j-5Jj jl < >JI Jjl a)I 4aijLiJj ijiJLni (jj OjU (j4> OjljLft” ^yj* 4 h.Vil) Ojlil (jj 

JjIp JyA>JI lajift ( ypLucJI bjjjSlf jj-clSo jAjuJ “jliL>JI JjLuJIS O—lJ 

j. j ~» 5T I jl ^Aj 4 lt Ji.it ijj^i ojL tjLiy jb-» 

N 2 + 3H 2 2NH 3 

Harber process 

^ y » b» . l l 3*LoiD! (j j j ^ l) ejl i >J I J-jIjjJI (j_i J- i._i l .j- ^lj>ou->l (jSJji (jl^>-“5ll (jmj 

jy-J (j_^j£J! Jj -a fT l Jji (_yt J^jUuIl j_ - o >o ^ l»£ ,jli>JI JjLoII 

.jli» JjIaS^ Jj.-^l + wbjJI 


CO + 2H 2 


Cr 2 0 3 


CH 3 OH 


Explination: 

. 4.1 > J oLaljjiSl Lf l SJ j . 4j>-j|j J±£j 4_1 yfi-c vr.i..i j) jli->JI JjLol) hj.t.i* 4_i j£u 
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Jj tSJji JjUU cjlcIjiJI jjJuj : ^ i.tll ^lji!l ^jju —I 

oLjjjj»J isLjjj! !>Li* utfLrti jl jL_a JloJLj t jU.>,l| JjLJl o Lujuv £ji)l SjLjij 

l£j_-vl jj.ij Jplijdl J*>0 ljj»J .ytfAiUJ Li«»nj jU.>,)l JjLJI ^h..» 

y_» ^ ■“ > ‘ l J! Lw ( 2 ) JiiJI US’ 

.( 2 ) J 5 Li JplijJI 



^ J r > — * |» _i [->■> ■ Til lj jui!! Ojljj Jl rut . 1 1 1 ^*2JI Ojbj 

8 j_» . JpUuJI Jjlaj ^ dUaSj ilcUill jI^II j&y Sjl^j jpL* Lu jli»JI JjUI 
.^uL>uj jjill jLL*JI JjLaJJ <*iLiJI ( _^3uLtfL>J| 'jj U In.Vnll Sy&lfcJt 


Catalytic poisoning: : jli>JI 

( ^ 4 

Jy*y> jli» JabO) jjJlj jlipJI JabJI ^iLu l» LJLe 

J} jlL»J! JjLill ajUl.v. pJajj ^jJI SjUI) .^JLclilll jl^il l-uIj^sJI ijj S <**£ 

.(<«»,,■ 1 b «<JLpljuil jljll Jj^fcJO 

j i j *^«|i cj^j_SlII (c*y}UI) jpL*II :JLw 

.(AS 2 O 3 ) - ij — >5 ~l Jy>y> JpUiJI 


2SO2 + O2 


Pt/As 2 0 3 


-> 2S0 3 


Poisoning 

4ia_wljj pi -aw yfL*,; jl(L» Jib»£ JjJpJI J y>JJ y~a - >0 ^jS la£ 
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N 2 + 3H 2 


Fe/H,S 

Poisoning 


2NH 3 



J »« )j jl — i > J1 JjUJI tjA. iu jjl * j ^ a ft hi 1 1 Sjlll (jl — I 

(_J-» I — «J I » o- L^ » (j-« J— iij jl .j U >1 1 iJjLuJI jljll JL^jI 

.(3) JiiJI l»£ Jjjm Sjl^j ^ iojit ^ ^1 jli>JI 



Fig. 3 . Poisoning of platinum catalyst bv 
carbon monoxide. 


ajSJu Lu <jjLUI SjUI JjL*JI (J^l ijj { jmj — > > 

: i/3l iljUl 

Fe + H 2 S > FeS + H 2 t 


Autocalalysis: : ^IjJI ^i>J| 

6j_s ijJI (jj ojUJI jfjll i>.| L«j1p 

(j-jljjj'il Jj_m (5) LjLa Jl oijb 'jJj , < _ # _jluJI v_3 j»j 

•A>t— J (Jja* (jl (4) (Jiu t .(_5ji>JI (JplijJI jJU (j ^fu (jj Ujj IjJKjj 

. JjtUlJI jL»0Si ^»hc oLfj 
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Time 

Fig. (4) 


i_>A_ jl> ^jLJ ul® (H*) ^ c -'^^ Jl>o 4jlfct : JLio 

JJ iJLo)Hj jIJl» JjL *£ Leyi i‘ i l j l i» l H yli )jJ . .l ljlA Jl 

CH 3 COOC 2 H 5 ^ -► CH 3 COOH + C 2 H 5 OH 

h 2 o 

^jljJI j . <.A j> 'Jjj ! -lUlL^'l o.i. ,i^I —2 

.jli» iJjLaS' LA^I (Jjjo jjlJI jj.i, iWiI I LoJ 

yl ^. >«Su yj ^3141 ■VjAi* Jsj***^ — 3 

iJjLii ^ US’ . (AsH 2 ) ^-<o 3 jli*. JjU 

2AsH 2 > 2 As + 3H 2 

catalyst 

Negative catalysis : k-JLJI jli>JI 

ai— A ^ 4jli (JtfliSlI (Ji2^ j\ Jjju jjip jli>JI JrfljJI yyi UjJtC 

^jUI j I k_JLJI jli>JI 3JL>J! 

Jyrj fji _y>iJ <~oy£ jjpj ^uACLJIj (CHCI 3 ) ! a.u*51 : <Jlia 

<uL» ojU (COCl 2 ) JJ Jy* 0 y <>l» «-lj*JI 

4CHC1 3 + 30 2 ► 4C0C1 2 + Cl 2 + H 2 0 
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jLi> (JjL*S J-** ; (jiJI JJ v ^l Jj >^ l ijj 2% iiL»! jlLcj 

.jjjjlS’ oi^ jUi-i <_s UL. 

.> < .. < 5T | j^3 jj.“5u —2 


2H 2 0 2 > 2H 2 0 + 0 2 

.JJ.A.-H 4jli£ 4jli I jl ^.rtl> JjJU* iiLo! jjmi 

JjUuJ £_jIj SjUj O-lxi .(ysl—ejJI JjUy! *_jlj) uJ I ^y-3 -irv.-_i.JvlJ: —3 

jl icj— < ( ^-U 4_j]i (J^_syi) JjjjjaJI JJ Pb(C 2 Hs)4 yeUjJI 

.jjjjil Jsujl>uJ! SJ'Jj jjBjl! 


Explination: 

4 _Ut (jl uJ>yij . cj^LeliiJI ^jU! jloJI JjI*.'I ULulLu —1 

.4—1 (ijL>Jl (*-L*^l) y» ^t»3 yi»j JJLaO <da_l^j y}>-jj Jy'j I _\_>. .>5T i jj-o5u 

JLsJIjj <£y Icll J. U u.11 ujSJil j.j5j <jU J^U* SiLoJ jj«< 

. yJ^-Jj-Xj'il J £ ■ ■ £ I (3 _j3 4oLc 

.ti.Sinil y_» yLS^ ,o*jl >J1 yUj (_ji . SUL. ji ~*$ u <U.I^ —2 

. cj^LpLLJI <i,..) l ..n JjjC a^jUI ojILkI) 

S. L . 1 ... J I J^lijJI UL kiuj> ( <LL J^Ui) yj^jjjySl jl>ol ajLa ^3 : JIjw 

.NCI3 yJJfcJySjJt (_y3^ 

ci 2 — >ci +cr 


h 2 + ci- 

H + Ci 2 • 


HCi + H + 

hci + cr 


.JdiuJI i_L JljJljj i £,tu)l 3 _>k> yol.rt’nU J-eliji)! <l.«u jSj (NCI3) 


Activation energy and catalysis : jli>JI SJaiuJI SiUsJI 

< 1 Ip U jll jlj JJ djl .jUI 4 k ■“\y> J^LDI .>j toi «jUI S_j ^L i! Liuk 

4 LL l»* yli (Si^A)l 5jly>-) 4 j*jJ jJl* 3 . jl 

4_>jj ^_s LjoScj . J^UjJI ( _ s -> BjJjj cuU oLjUI SJucj S 3LUI y* 

> 4..jl<£ (jli >il3j jfjjj (4^SJ>JI) 4aiu3lJaSJI SiLkll yl3 Sjlj^JI 
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4__>lIaJI (jli JUlLij .JgliuJl JilLJf !jj <£.&% Jl ^x> pju 'i JgUj 

<Ljl«g (jLi jLlJljj (JgLiJ >^>x><sl Ojikllj Jjj^UI iilLJI L^JIj <jy o 4 ta.i.i.1 1 


V_J Sjt <j_^Si J oUyj^JI y^j oUjuaJI djj-L> yg iijL» ^j] ^jA L» 4 L&JJI OiljyjgfcJI 
V-J-Sjll 4^>l»g y_C i_>oLj 6J^A> <lajjl ^JJA> dll j yg Liuyj tin.t.i i_iSI Jxt 

.JauSuJ I k_jSI yl\ 

8 j-» (_>o_£t>o J] 4— )|i JglijJI Jx-<j jjj Jjlg ji 43 L»J Jjigj 

y_» 4_Slk)| y<V Ji>o £_i 4_>uijJt y»Jij Jl oLi^j>JI 5jj^UI islkl! 

,^-»l 5j _j~au y^~*^ Jglii)l (j! it>%< US’ .jli>Jl JjUit (ji y«j JglijJI 


The theories of catalysis : ji>JI oUjiw 

: Uaj jli»Jl JjUJ (jljjwlwi yU^ylaj Jg*j, j 

. 4 L l h .jjJ] 8 _jLl»JI oLSyil 4 I Jyiaj —1 

y^Lajj'jll —2 

.y*jL>ull y^g jlisJI £juu ijjljJlj y*jLfull jli»J) gjj Jj'tff 4,<y]aiJI (jl3 U_j*gj 

jUL*JI JjUJI J*g yg UjL. yJjy US <J»-< y)l eJL»JI cjUSJj y^ySu —1 
4 JLwj 5_jlx> CMJ& vUj k>*4 jUL>J( JjUJI t j^jl» jLu jy>j £>gy USj 

jjg 4_^jli)l 8j_k>JI y_i j ^ -j U ^J-<I y)Sj SJL»JI 8 jg (j l_j . 4lclilll jl^ll i>l 

: o'ijUiU <4jixJ( 9 j> y£-*i ij .JgUlil (jjUJI £t Lficlij 

A + B > AB 

ti»^UsUiJI JtA-g JglijJI yli jli> JjIc (C) jjgj 

A + C > AC (intermediate) 

AC + B > AB + C 

.JjSl JglijJI yj JSl iSJUJIj i^JUJI e_yk»JI ^ islkll yli JljJLj 
jLi-> JjL»S (NO) yo>-jyj— ill jy— 4 SL oj^j-SJI . i l i , - u S I ^JL-j e j— <S I : JIU 

(dJrfAj^jSJI yAO yJ . A-fc* ji I_3ji)l olJUg) 

2S0 2 + 0 2 2S0 3 

: JgUjJI 

2N0 + 0 2 > 2N0 2 (intermediate compound) 
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[ jUaJt>UJI (IS) 

no 2 + so 2 — >so 3 + no 

jjj*j if? cm j jjtfJi : Jli« 

C 2 H 5 OH + C 2 H 5 OH - h * 2 « > (C 2 Hj)20 + h 2 o 

: JpUuJI 

c 2 h 5 oh + h 2 so 4 — > c 2 h 5 hso 4 + h 2 o 

ethyl hydrogen 
sulphate 

c 2 h 5 hso 4 + c 2 h 5 oh — > c 2 h 5 oc 2 h 5 + h 2 so 4 

^Li JjLJI lyr} ^ (KCIO 3 ) jj— «ii!l : JHo 

.(Mn0 2 ) jjiWill j+* 6 l 
2 KCIO 3 Mn ° 1 > 2KC1 + 30 2 

: Jelijdt f 

2KC10 3 + 6Mn0 2 > 6Mn0 3 + 2KC1 

(intermediate 

compound) 

6Mn0 3 — > 6Mn0 2 + 30 2 

J^Sfll £-• J^Utu CgHjCHs i; JAf*) I j &a» C S : JHo 

,jli> JjlnS’ ^Ijl»CL*U CH 3 CI 

C 6 H 6 + CH 3 CI > C 5 H 5 CH 3 + HC1 

: JcUoll fjjulSkAt 

CH 3 CI + AlCb > (CH 3 ) + (AlCl 4 y 

intermediate 

compound 

CeHfi +(CH 3 + ) (AlCU') >C 6 H 5 CH 3 + A1C1 3 + HC1 

iJJ _* (j— G -k_. ^Jl (J-oJ (jl hjfc-^u y» l*5j 

. i jw Li 
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( 15 ) 


The adsorption theory 


4 jjI ii —2 


jLL>JI JjL*JI oljLill ;j^_i a^uLSl^ ^jsj x^klll »ja 

'il » Le^l y^L^uJ*!ll £ji .({jdjLhlt jjLf) (^_lLo) 4ajA 


.jli»JI J^UJI t-Ii.k ^yie (Jxii ZJ^SJU <^twj S^ki- 

pi .£ jl] 4_>"jJA Jl_l> ii-L .J-cuill ji»JJ 4^1xJI OJA jj • i ~ jl ^jAlj 

ji> JjUS’ <OuA« ^aJI i^AiJl 


H 2 C = CH 2 — S ^S -» CH 3 -CH 3 
ethene ethane 

: ol^k>- OJA jiu»Jl 4-il »£ pdUj 

<LLjjI jl JLijjjli j—aaljj JSijjJ! ^ ji wO Ort'jjJe'-ll —1 

oLj^>J (joLojjj J£jJI otj jJ (residual bonds) *,>..>.>>11 jilSuJl 

ol^k>JI oi» J^uJI ^k-< 



1 #OIOWTlONO*«» 

MOUCUU 




3 FORMATION 0 * ACTIVATlO 
COMM*W’H (fKAMt 



Tk * p "°CK#ct iixami nuiAKc 
«OUCititrjT SUWACt 


Fig. (5) 


£>£Jj JjUJI T^ “ (ji® *A>Jjj £|_j£> ([jjlj t#* ^“jil ol5,»jj(JI 

jljJI ji-£y y—» jliaJI J«U)i Jytj j y% .gly)l j j#£ glji jj?y (JjUII 

JaUjJI J^auu JJ tSJjo ^kj-sJI i>* ^k-. ^Ja (oli^jjiJI) i^jUJI 

.(1) S_^k» (< JjS 3I JaI j^JUJ 1*j3) 

& i >■,! *i «_m ~0 cjii^jjjJi c>n J»y 1 —2 

.(0.74 A 0 ) osfSJtj (Ni-Ni) LL,j 0 -* J-»! by$t (H-H) LL^JI ,J»yi li+l j-SJI 
j~*£ jl y J| Le^l . <i*_o J| L« JsUJI fa* o-ij 4 JjAj 
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1 Jlx* i>UJ (IS) 

yi->_jjJ^I in-! ^J>\ -t*£ Hjys ^- ' ■ r>~ » J-fejj dw — >_jjJ^iU JsbyJI lift 

.( 2 ) Sjki. (chemisorption) ^l^SJI y^LojjMl. ciyuj ,J 5 ^lj 

J 5,1 ill b£-> Ly jL^.«j £ .)l oul— cu J^l 4 - ' l l >■& Jju . k . i 'l l v_j£ljill k_iSjil — 3 

jljjil (3ji»-Sn ol!yj>Jlj i—iSiylll ^-jlSjII lift y# (lLL*j) jLelll 

i_ji_SyII |j_» .i-jStjj—t j_> I t— Ji_ 5 y 4 y_^_j 5 u) ( jjL^»a 5 ' J»L*yj (ethene) <lclilll 

. i^JLajj] <L *-j» 'ij l jt> Lj y^Aill pJA < ,)l «« l i-i^lkll yj (J 3 i <5 Us llljUj i-aSijill 

i_ji_SyIf 11 a .jlisJI JjLuJI .,< (ja ^jUJI (<Loi) v-^lyill ^JajQ —4 

y^_> Cojl J jl-l ILj (Ni-H) JstjyiJ pj Cuu jJjUl k_a5l jill 

.(ethane) jli^i dsj-^j oljj 


Active Center: riaiuJI 

^jlc JjA-jll Jsljy) I yi yJjSj! <Jui^ Jl>JI y> b£ jll»JI Jjt/JI ^Js_> 

4 la w \yj jllKJI JjLuJI ^Ja— < ^jlc yalli oljUJI Ojljyjj»- yli ijj jj ^LuJI 

C 1I -. I I J . I ^ t r» -* cl* 4^1*® yi L»^ .3y>JI •Uwj'il filft 

.(6) (Jli plUlj OlSj^ll (J^ 6 1^* iklujl ySljif yl ,0.X»-|j 


! I i x4 

■ NI — Ni — Ni — Ni— Nr- ■ 

I I I I I 

• f/ * -Ni — Nr-— NI Ni- — 



-Nr — NH Ni — Ni Ni 

!llll 

- N, — N. — Ni — Ni — N!-— 

I ; t i I 


*€>K 

: i i 

-Ni— Nt~Ni~ 

I I I 

-•NI — Ni — Ni- 

I II 

--•Nh- Ni — NI- 


u 




-Ni-- 


Ni-- 


-NV-. 


-Ni — Ni — Ni— 


Active Centra* an catalyst surface. 


Fig. ( 6 ) 
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ckjj! J] {JJji (J ^ * > 1 I ^ j! JjjjjuJt c (jjjfctli iijjyaJl 5Jl> 

ji J£d ^dJI jli>JI JiLJI viBi yj jl£l etli£ J] iJjJ3 jjil 3 j> 

.(7) J£-i iitf iV* ^ 


Pt-. 

4 

< 

fr Pt 

> 

% 

-pt- 

-pt- 

< 

< 

Pt^t 

* - - — 

> 

i-pt 

-> 

-pt- 

-pt- 


Fig. (7) 


Subdivision of a catalyst becomes more efficient due 


to increase of free valence bonds. 


Sj_>J! JiLfuiJI i_tuji jLa^ Lt j It ii io>^j ll»j jli>Jl JjDI —2 

Jabj jl J.Aa I jjt-l <_ysLajjj 

djjJ >o jli»JI JjLJ! J.i:v • jli>JI JjLl) JaduLlI —3 

,^li»JI JjIjJI Sjl,{j jjLfi acL«^ Lj J5L2JI ^ ja*~ 


Acid - base catalysis o deli) I - SudwUJI J*lj*)l 

jl oclj5 jl (_>«L>-I <lwl^ ji>J y! y£L^ 4-LL>alI Jil_y«J! toMelij <jj jy.xe 

. i^-ieLJI — < j ., A iL»JI ejliaJ! JjIjaJLi J L Lite sdfcj jj>Ij J^Ujd L^ 
uy-J JI c j ,.... A i > . ) l jUl*JI JiL«3l ^ -A 1 * ji aij 

y-e ^JU (jaeLSJI jUL»JI JjL»JI l .ii u u 4^5^_2JI ^ jj-oll (H*) 

. yj (OH") 

1- Inversion of can suger JJLo -1 

C 12 H 22 O 11 + H 2 O — — — > C 6 H 12 O 6 + H 6 H 12 O 6 

Keto-Enol tautomerism of acetone Jy\ JJ a**#! Jyj 

0 OH 

CH 3 -C-CH 3 — ^ ch 3 -c = ch 2 

keto form enol form 
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(IS) 

2- Decomposition of nitramede -2 

NH2NO2 QH ~ ■> N 2 0 + H 2 0 

3- Hydrolysis of an ester: y-'il JJL»j -3 

CH3COOC2H5 H " > CH3COOH + C2H3OH 

ester acetic acid ethanol 

General acid - base catalysis: : aeljill - BjloJI 

: y! <iyjL»J! j-cuJI y 
J-S 6-^j (H*) oyii <jf JaAS —I 

Q A, ‘(H 4 ^ y«y li»j) jli> J-iLaS’ (^U Oyjj!) J >iy. yiU^i 

(jj__.il jl (NH4 ) 4 -i j o.iJI J_cl_)2l! jj^LSJf (CH3COOH) I_» 3«.n1| 

,(H 3 0 4 ) 

Li^i j£Jj JjU y (OH") jjJ <jl Jaii (_>-,}) — i_j 

t(OH”) joe Li jUL» J«U£ ijjjt (JjJjLm jjjjjj) ju-Jjy oclji 
Jj_>j JftlJuJI I j_* t-lyj j£L*3 (^11*3 (H2O) Jai* *UI t (CH3COO ) 4_i3K.nl! 

NH2NO2 ■■ ^ coo ~ > N 2 0 + H 2 0 

: jjpUII jU>JI J^LJ! 4^5-ul5-fo 
Mechanism of acid - base catalysis: 

<> * jLill uy-*X>i jb OjJ C)J& jU*JI JjUI y -i 

jj_j Jjj jJwj wD3 ■> «i pj ,LLc Lilli Sjlil 4_i£ljxt ^jiawj l_jL y, (XL+jjjj 

Jit : i_iL>vI* 

0 OH 4 OH 

I! I! I 

CH3-C-CH3 — ^->CH 3 -C-CH 3 > CH 3 - C = CH 2 + H 4 

acetone intermediate enol form 

jb (Q^D Jrf— Oyi'l Oy^i :ii^L*JI jLia-JI JjLJI y - 4 _» 
-deliill BjUI £• >— i^ljlt ^la— <j ( JjZt .at uyjji ~ ■ '" ».•■ ’> yy BielS <j* jliil 

: Jill JelisJI y 1*5 jj 5>.~ I 4 J LL! j a«u yJlj 
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JU»JI t>US ( 15 ) 


NH2NO2 OH ~ > H 2 0 + NHNO2' (intermediate) 

NHNO2 > N 2 0 + OH* 

or by acetate ion 

NH2NO2 + CH3COO- > CH3COOH + NHNO2 

NHNO2' > N 2 0 + OK 

onr + H + » H 2 0 


Enzyme catalysis 

oUuJI t ^-m»> jj JLkj L^J i^yAnJI (jj jj jx 

1 8 jUL> oLj5^j Jy_>j O^LclajJI OJA p .objJI hi.>J <Lij^JI 4^J£>JI oljl**Jl 

l^—il oLjjj'il J_£ oj_>j . j i»i yu ojli»JI cjLS^II oja 

ojUL> J m" oljyjjf’ (j^ SjLc oL^y^l" . I jl 

*h-~u\jJ Oj— aA^JI OjUl>JI O^lcLijJI 

: 4uL4jjj)ll 5jU>JI l jlfi aJuLb! 

ol ^-k— <1 yj OjAAvJlj 4 jA-jJj,uJI j J * ' J ‘ J ^ ^ ‘ObLiJI 

^yyb jSuJI JJLao —1 

C12H22O11 mvgtMe > C 6 Hi 2 0 6 + H 6 H 12 0 6 

glucose Fractose 

^Tyl ik-ly J] J y-j -2 

Ci 2 Hi 2 0 6 •■ ^ -•- > 2C2H5OH + CO2 

jljj* y. -3 



urase 
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Mechanism of enzyme catalysis jl>JI pjjj I <L£jjlSj* 

ojL« ijj ^ul moju J^_>- 4 — i uL i (p.jjJ'^t) ^ 5 jj»J iL^LJt <LJu«Jt 

CjlcIjiJI sjj& .^LuJI ^jic Ojuj Cjlcl^yS J y>y Cjl »J,.I> 4 juA ( jlft 

jSl jll j t_9yu ^yiJIj (-NH 2) -OH, -SH and -COOH) 4ixSJ oIc^ajka) “ij U 

^juoj > A i _>■•»<.> cjUuj^kIJ! oj_»j oL^ojjuJI o j_a ^o£Lc j->b ^l)l cjUu jj»JI tik-UJI 
(lock - JilJl tJjjC) cjIAIjaJI ojj» L$J <»»i a j! LgJ 4,US.» l^jlS 

<J 5j«-oL>JI SjUI k-jS^Ijill uoSjlL 4 jJj U yli JloJLj .key theory) 

^j[j Jj.n.>.l.l j_ iiu Jl>JI ^ ^yillj 4 (<tle Lilli) 

: 4^jl5^l el# (1913) (jojujj J j.tijj (jj JS ^jisl US' 
E + S > ES -> P + S 

complex 

P «0 1 \ 


®-rW 




ES ' 


HJuitfHtion of the Jock -nod-key 
model of encymo cataljui*. 


Fig. (8) 


Characteristics of enzyme catalysis : jli>JI J*U1I ^\^> 

y+S JL* (_5 1 ^ylpj .yajbjOu jji!l jli»JI J^UJI ^**!l ^ylc ^.>.1 L > 
oL^jj^U <U«jjull * n $ H *-1^— iSl! (jA-o.1 . 4- ^ u p j. d VH ^j—3 m^JUJI o-jjJlj etUSJl 

: ^yl^ US oSjj eji l»JI 

J— Oi)-® _j — 1 . iijjjUl ejUuJI ^yi e«-US If! oUjjj^ll —1 
^yi Sjjill <J j->lj ^jjjJ <j! !^®j 4 <jJU 5 «-US <) (_5ji»JI 
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Oj_»JI 3_5UaJI i><J 4 j . ^ L> 4_Ij Jj £jjjfc (j_jjl» (> jlSl cJjJkj (ji 

: Mlx9 JjI_^*J! £_o ijjUilj Jcliji) 

2H202 > 2H20 + 02 


i jj«— < d 18 Sj>j»JI 4 9 Ik! I (jli jlL>JI JjUJI ^J£ ,_y3 

f-0^ 1 er* ch% >»- d 1 1 Jj (>ai>o iilLJI (jli jli>JI J-.LJI 

.cJ^/eSjlj^ j*-< d 2 J] (J-" S^aJI iilkJl (jli jlL> (JjU5 
o>»l— > (Jtflil d (jjju ^jyJI (J^l (jl Ijaj ^i 4llkll i>jdl —2 

d j^i (soya been) L^-oJl J^s (jj _y»j — jljjjll ^>jjl ,_ji l*£ *■; 

. Ijij^jJI (Ji>o ^ <j_0j^x>JI OJA 

II 


H 2 N-C-NH 2 

o 

II 


urease 

H 2 0 



2 NH 3 + H 2 0 


H2N-C-NHCH3 


O 

II 


urease 

H 2 0 


No reaction 


H 2 N - C - NH 2 zymase > No reaction 

H 2 0 

^-ju Safi Ojlj-J^ *->jJ j-1c (j51«jLi (_j— Lcl jli>JI (>Uj Jjjw —3 

4->jJ (ji> <jdLI_J Ojl^>JI 4 ->jJ ^Ujjl Ojl^j £« jl(L>JI J^ldi Jjuw jljJi vijjiAy 

oUvjj £_« p l-i (jjjjjjJJ oulUl JSLlJlj oL_ji» (jS t 

Jij jAliuJ! Jjuw 3->jj (jli Jldbj tojl _j>JI 
t (37°C) (_J— A (jL*j)ll > ^j3 I (JaaJ OjIjaJI 4j*-jjJ ^nhdl 4-jL^_L) I jllaJ 

|j_dj . 4jlal-.l til jHu 4j_> jj . 1 1 1 oMcUuJI Jdi tijJlc OjljA. oL>jj jJLcj 

.Ijjlc dailA«d(} duli yjSu (jl 1 ., j.»j (jLu)ll ji,...->J OjIjaJI -L>jJ yli 

<j»l (_y-l*l J_it 4 -Cj— < Jj_*J ^j—oSl (jj_S^ ^jjULj O^AAvdl oMclidl Jj** —4 

(j-i ^Sj jl£ (jLu'llI ^-ia- ^ji otLij Miui 

.pijjpU 4j]alijJI 4 «j5ll (_>Ai**j 7 4« L lSl) OJA (jj J5lj 7.4 
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jUaJiJiUa (15) 

ijLib VuLS jl L^ltP (Jk ujl u ao jl oLt^jJ^U p«--~ yfLtj —5 

/ ^y_Lc 4k .ft ill ol_gjt».»ll *_» JpLjjj jljll oka jl 4 ^ jk-l j|^t 

jllai . Sjlioj 

Enz - SH + Ag + — > Enz - SAg + H + t 

t UUI y^l yil Ji* L^Jk Lfl l.l koj y 4jlljjJI ytslyi'il yj JjJjJ <J> I 4jkLiuJlj 

. byl£jJ( 4_»jliu ( jlp SjjjUl l$J Olt~.itj yjk-buJI 

yt>Lot I jl k.?ii» j^>-j Sjljj L$jJUi jfjjj t^kLij yli ki) i£ —6 

j—jjjlS J-iLoL — ou LjSJl — jj l>oil — y«l_>jJI oli^l It) ,j_>-l 

ojL/j jl cjLj^tlikJl yk_i»j ULo] yi Ltf .Amylase I k.,.kj,> 

.(Coenzyme) <_ l>LaiLI p^j"^lb (jilij t 4 jjl.kVili 

jU>JI J 4 UI ^ ittJ 


jU*JI JtLJI - ^^JUI jUbJI JtUJI - JtUll - Jj , L JiyP -1 

; yj jj. o t 1 L« —2 

.yttjbjOL# yjiJI jUL*Jl J-tU3l — 4 _ I ybl»ull jli_»JI JtL«JI — i 

. 4jl_> JS ^ 4jitSfb Jj-ojjJlj I 

jL<L»Jl JaI—mJI IjUj .5ja.>.t.H O^tplijdJ 4 1 j.ll yttSLaAvll yP v_ju5I —3 

.JpUiJI Jo*! j^JljJl ^ 

JjbJI Ijll ^yil j»i jliaJI JjUI kk.lt t jli*JI JjLJI p« •* . jp Si jj i_uki —4 
.(jljj)ll Jl Jj-dyl! p_pUI yic 8jjib yt ^PjJb £~®>* jliaJI 

y 4 tlk< i ii_oj JpUiJI Jjaj yjib jpLJI JjI*JI y£Lt^ Ja : yp v_j~.5TI —5 

.4jitSb lljt l .ll ^Jjjlill jjL>JI yP _jA Lt —6 

.jlipJI JjL*JI 4_1 < W jl$jl 4 j..i j*lyll oljykjJI l_jyp —7 

. (Jiill — ^Utlf 4jykj yp vJjJtj I jltJ —8 
JjIjaJI yp 4.. i'fl —9 

,8jU>JI JjIjaU olZjik.* ^>jl ^yil —10 


- 512 - 




J3L*4 I44 Jliluuj i_>b<4 (1) Jjia. 

: <^A *iAj 


Acceleration of gravity (g) 

“ 

980.7 cm. Sec. -2 

980.7 dyne g -1 

Density of mercury at 0°C. 

SB 

13.5955 g/cm 3 

Density of mercury at 25 °C. 

= 

13.5340 g/cm 3 

1 Litre (1) 

= 

1000.028 cm 3 

1 Calorie (cal.) 

= 

4.184 Joules 

1 Joule 

= 

10 7 erg. 

1 Faraday (F) 

•— 

96500 coulombs equiy. -1 
96500 cal. Volt -1 equiy. -1 

Avogadro’s Number (N) 

= 

6.025 x 10 23 mole -1 

Universal gas constant 

= 

8.314 Joules, deg -1 mole." 
1.987 cal. deg -1 mole. -1 
0.0821 atm. deg -1 mole. -1 

Boltzmann constant (k) = (R/N.) 

= 

1.38 x 10 -16 erg -1 mole. -1 

Planck’s constant (h) 

= 

6.62 xlO -27 erg -1 sec 

Velocity of light (c) 

= 

2.998 x 10 10 cm. sec -1 

Electronic charge (e) = (F/N) 

= 

1.6 x 10 -19 coulomb. 

1.6 x 10 -29 e.m.u. 

Specific charge of electron (e/m) 

= 

5.27 x 10 -17 e.s.u/g. 
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: Ifj'-lAjj fjatu (2) (}jXk 


Physical quantity 

name 

SI equivalent 

Length 

Angstrom (A) 

10' 10 m 


Inch (in) 

0.0254 m 


Foot (ft) 

0.3084 m 


Mile 

1.609 m 

Volume 

Litre 

10~ 3 m 3 

Mass 

Pound (lb) 

0.4535924 kg 

Force 

Dyne (dyn) 

Z 

O 


Poundal 

0.138255 N 

Pressure 

atmosphere (atm) 

101.325 N m -2 


torr (mm Hg) 

133.322 Nnf 2 


Bar 

10 5 N m~ 2 

Energy 

Erg 

10' 7 J 


Calorie (cal) = 4.3 ml. atm 

4.1840 J 


Electron volt (eV) 

0.16021 x 10~ 18 J 

Power 

Horsepower (hp) 

745.700 W 

Viscocity 

Poise 

10" 1 kgnT 1 s” 1 

Dipole moment 

debye 

3.338 x 10 _3O m C 

Surface tension 

Dyne cm -1 

10' 3 N mT 1 









jLnaLi'aijij ±*J I 

I44 AmiKA j>»jlt< Lfliclwx* j jjijSSi (3) JjAa. 


Multiples and submultiples 

Prefix 

Symbol 

10 !i 

tetra 

T 

10 9 

giga 

G 

10 6 

mega 

M 

10 3 

kilo 

k 

10" 1 

deci 

d 

10" 2 

centi 

C 

10" 3 

milli 

m 

10“ 8 

micro 




Note that in the case of units of mass, the prefix is to be placed in 
front of the symbol for gram (g). Thus 1 g = 1 0“ 3 kg; I mg = 1(T* kg. 


: A hah null (4) (JjJA 


1 A= l(T l0 m 

1 litre = 1(T 3 m~ 2 
1 atm = 101.325 Nm' 2 


1 erg= 10“ 7 J 
1 cal = 4.1840 J 

1 eV = 0.16022 * 10~ 18 J 


: ASUaft CCtljjaJi (5) 



J molecule' 1 

kJ mol' 1 

erg molecule' 1 

Kcal mol 

eV 

1 J molecule' 1 

1 kJ mol' 1 

1 erg molecule' 1 

1 Kcal mol' 1 

1 eV 

1 

6.0229 xlO 20 

1 x 10' 7 

0.69498 x 10' 20 
0.16022 xlO' 18 

0.16603x1 O' 20 

1 

6.0229 x 10' 13 
4.1840 

96.4905 

1 xlO 7 

0.16603 xlO' 13 

1 

0.69408 x 10' 13 
0.16022x10'“ 

1.4395 xlO 20 
0.23900 

1.4395 xlO 13 

1 

23.0618 

6.2420 xlO 18 
0.010363 
0.02420x10" 
0.043361 

1 


: (6) JjAa. 


Physical quantity 

Name of unit 

Symbol 

Length 

metre 

m 

Mass 

kilogram 

kg 

Time 

second 

s 

Electric current 

ampere 

A 

Thermodynamic temperature 

degree kelvin 

K 

Amount of substance 

mole 

mol 
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5-jjljJii^ f ' (ji C^l jU) (jia*j ( 7 ) 


Physical quantity 

SI name or special 

Name and symbol 

SI Symbol 

Area 

Square metre 

„2 

m 

Volume 

Cubic metre 

m 3 

m 

Density 

Kilogram per cubic metre 

kgnf 3 

Velocity 

Meter per second 

_ -1 
m s 

Angular velocity 

Radian per second 

rad s' 1 

Acceleration 

Metre per second squared 

m s' 2 

Force 

Newton (N) 

kg m s _l = J m' 1 

Pressure 

Newton per square metre 

N nf 2 

Energy 

joule (J) 

kg, m 2 , s“ 2 = N m 

Power 

Watt (W) 

kg, m 2 s~ 3 = J s” 1 


jjC (jiUa .VI (jaiLai (s) Jj-^ 


Reagent 

Per cent by 
weight 

Specific 

gravity 

Normality 

Hydrochloric acid 

35 

1.18 

11.3 

Nitric acid 

69 


15.4 


70-71 


16.0 

Sulphuric acid 

96 


36.0 

Perchloric acid 

70 


11.6 

Hydrofluoric acid 

46 

1.15 

26.5 

Phosphoric acid 

85 

1.69 

44 

Acetic acid 

99.5 

1.05 

17.4 

Ammonium hydroxide 

27 (MH 3 ) 

0.90 

14.3 
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OlJiSjj ait JftljiKj ^LakjjO^Vi fSjfl (9) Jjo* 


Reagent 

Approximate pH 

Acids: 


Hydrochloric acid N 

0.1 

Hydrochloric acid 0. 1 N 

1.1 

Hydrochloric acid 0.01 N 

2.0 

Sulphuric acid N 

0.3 

Sulphuric 0. 1 acid N 

1.2 

SulphuricO.Ol acid N 

2.1 

Orthophosphoric acid 0.1 N 

1.5 

Oxalic acid 0. 1 N 

1.6 

Citric acid 0. 1 N 

2.2 

Tartaric acid 0.1 N 

2.2 

Formic acid 0.1 N 

2.3 

Acetic acid N 

2.4 

Acetic 0.1 acid N 

2.9 

Acetic 0.01 acid N 

3.4 

Boric acid 0.1 N 

5.2 

Bases: 


Sodium (or potassium) hydroxide N 

14.0 

Sodium hydroxide 0.1 N 

13.0 

Sodium hydroxide 0.01 N 

12.0 

Sodium carbonate 0.1 N 

11.6 

Ammonium hydroxide N 

11.6 

Ammonium hydroxide 0.1 N 

11.1 

Ammonium hydroxide 0.01 N 

10.6 

Borax 0.1 N 

9.2 

Sodium bicarbonate 0.1 N 

8.4 
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ijaajl AjSty J-uflb. (lo) JjAa. 


Substance Formula Constant 


Aluminum Hydroxide 

A1 (OH) s 

1.0 x 10' 33 

Barium carbonate 

Ba C0 5 

8.1 x 10~ 9 

Barium chromate 

Ba Cr0 4 

2.4x1 O' 10 

Barium fluoride 

BaF 2 

1.73 x 10^ 

Barium iodate 

Ba (I0 2 ) 2 2H 2 0 

6.5 x 10-'° 

Barium oxalate 

Ba C 2 0 4 . 2H 2 0 

1.2 xlO' 7 

Barium sulphate 

Ba S0 4 

1.08 x 10“ 10 

Cadmium oxalate 

CdC 2 0 4 . 3H 2 0 

1.53x10-® | 

Cadmium sulphide 

CdS 

7.8 x 10- 27 

Calcium carbonate 

Ca C0 2 

8.7 x 10- 9 

Calcium fluoride 

CaF 2 

3.45 x 10-" 

Calcium hydroxide 

Ca (OH) 2 

5.8x10^ 

Calcium iodate 

Ca (I0 2 ) 2 . 6H 2 0 

6.44 x lO" 7 

Calcium oxalate 

Ca C 2 0 4 . H 2 0 

2.57 x 10- 9 

Calcium sulphate 

Ca S0 4 

3.24x10^ 

Cupric iodate 

Cu (I0 2 ) 2 

1.4 x lO' 7 

Cupric sulphide 

CuS 

8.5 x lo" 15 

Cuprous iodide 

Cu I 

5.06 x 10' 12 

Cuprous sulphide 

Cu 2 S 

2 x 10" 7 

Cuprous thiocyanate 

CuSCN 

1.6 x 10-’ 1 

Ferric hydroxide 

Fe (OH) 2 

1.1 xlO' 36 

Ferrous hydroxide 

Fe (OH) 2 

1.64 x 10~ 14 

Ferric sulphide 

Fe 2 S 3 

4 x 10- 17 

Lead bromide 

Pb Br 2 

4.6 x 10^ 

Lead carbonate 

Pb C0 3 

3.3 x 10" 14 

Lead chloride 

PbCl 3 

1.7 x 10" 5 

Lead chromate 

Pb Cr0 4 

1.77 xlO’ 14 

Lead fluoride 

Pb F 2 

3.7 x 10~® 

Lead iodate 

Pb (I0 3 ) 2 

2.6 x 10" 13 

Lead iodate 

Pb I 2 

8.3 x lO’ 9 

Lead sulphate 

Pb S0 4 

1.06x10-® 

Lead sulphide 

PbS 

8.4 x 10 -29 
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(10) (Jjj* £jlj 


Magnesium ammonium phosphate 

Mg NH 4 PO 4 . 6 H 2 O 

2.5 x 1(T 15 

Magnesium carbonate 

Mg COg 

1.0 xlO " 5 

Magnesium hydroxide 

Mg (OH ) 2 

1.2 x 10 ~” 

Magnesium oxalate 

Mg C 2 0 4 

8.57 x 10 ~ 5 

Mercuric sulphide 

HgS 

3 x 10 ' 53 

Mercurous bromide 

Hg 2 Br 2 

1.3 x 10 " 22 

Mercurous carbonate 

Hg 2 CO 3 

9 x 1 0 ~ 17 

Mercurous chloride 

Hg 2 Cl 2 

1.1 x 10 18 

Mercurous iodide 

Hg 2 1 2 

4x1 0 -29 

Mercurous sulphide 

Hg 2 S 

1 x 10- 45 

Nickel sulphide 

NiS 

1.8 x 10~ 21 

Silver acetate 

Ag C 2 H 3 O 2 

4x 10" 5 

Silver bromate 

Ag Br Og 

5.77 xlO ' 5 

Silver bromide 

Ag Br 

7.7 x 10 - 13 

Silver carbonate 

Ag 2 CO 3 

8.2 x 10 12 

Silver chioride 

Ag Cl 

1.56 x lO " 10 

Silver chromate 

Ag 2 Cr04 

9 x 10 “ 12 

Silver cyanide 

Ag [Ag (CN) 2 ] 

2.2 x 10- 12 

Silver dichromate 

Ag 2 Cr 2 0 2 

2 x 10' 7 

Silver hydroxide 

Ag OH 

1.52x10* 

Silver iodate 

Ag IO 3 

1 . 0 x 10 "* 

Silver iodide 

Ag I 

1,5 xlO " 16 

Silver sulphide 

Ag 2 S 

1.6 xlO " 49 

Silver thiocyanate 

AgSCN 

1.16 x 10" 12 

Strontium carbonate 

Sr C0 2 

1.6 x 10" 9 

Strontium fluoride 

Sr F 2 

2.8 xlO ” 9 

Strontium oxalate 

Sr C 2 0 4 .H 2 0 

5.6x10"* 

Strontium sulphate 

Sr S0 4 

3.81 x 10 - 7 

Zinc hydroxide 

Zn (OH ) 2 

1.8 xlO ’ 14 

Zinc sulphide 

ZnS 

1.1 x 10' 21 
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mmm 


A » w Jfrl jiH j JjUll OjIj (ll) Jji* 


Acid Base 

Formula 

Constant 

Acetic 

HC 2 H 3 O 2 

1.75 x 10" 5 

Benzoic 

hc 7 h 5 o 2 

6.3 x 10~ 5 

Boric 

H 3 BO 5 

6.4 x 10~ 10 (Ki) 

Carbonic 

h 2 co 3 

3.8 x 10 _7 (K,) 

Carbonic 

h 2 co 3 

4.4 x KT n (K 2 ) 

Formic 

HCHO 2 

1.77 x 1CT 4 

Hydrocyanic 

HCN 

7.2 x 10' 10 

Hydrogen sulphide 

H 2 S 

9.1 x 1CT 8 (Ki) 

Hydrogen sulphide 

h 2 s 

1.2 x 10~ 15 (K 2 ) 

Hypochlorus 

HCIO 

3.7 x 10~ 8 

Iodic 

HIO 3 

2.0 x 10~‘ 

Nitrous 

HN0 2 

4x 10 -4 

Oxalic 

h 2 c 2 o 4 

6.5 x 10~ 2 (Ki) 

Oxalic 

h 2 c 2 o 4 

6.1 x 10~ 5 (K 2 ) 

Phosphoric 

h 3 po 4 

1.1 x 10" 2 (Ki) 

Phosphoric 

h 3 po 4 

7.5 x 10" 8 (K 2 ) 

Phosphoric 

h 3 po 4 

4.8 x 10' 13 (K 5 ) 

Sulphuric 

h 2 so 4 

2x 10~ 2 (K 2 ) 

Sulphurous 

h 2 so 4 

2.0 x 10 _2 (Ki) 

Sulphurous 

h 2 so 4 

5.0 x lO^CKj) 

Ammonium hydroxide 

nh 2 oh 

1.8 x 10' 5 

Aniline 

c 5 h 5 nh 2 

4.6 x 10" 10 

Ethylamine 

C 5 H 5 NH 2 

5.6 x 10" 4 

Methylamine 

ch 3 nh 2 

5 x 10" 4 

Urea 

CO(NH 2 ) 2 

1.5 xlO' 14 








o,aU I mU 


<_5_jj — JJ ^JUl 3_iUs (^_ yL. .-. « (jj (jjjy£JI SjLcJ jJlp (AE) iilLJI <1^*5 i ; i.,.i.>I — \ 

. Jii oLb 

UJI 

A E = E(H) - H(L) 

glj cJ y gjglfljl \ «,Y JU2j*il Joe 4- « ,. t l I i5LtJl <x*S (jL Qjlc IjJj 

A E = 10.2 -e.v. 

(^V^) iSjb -«»i» jIjlIII II Jj_» " \* x N,! tSjl—y (1 e.v.) cj)L£ 

JjJJI v— ^*-1 • jjjL>.yl -»■»-* (N) < tibljLi - F (Electronic charge) 
. ilL»JI JJ <kiall i!L>JI (y» Sj^JI JjjO LjJlC 

AE = h - 
X 

= h C hxC 

A E A E x elecronicch arg e 

= 6.626 xl 0~ 27 x 3 xl 0 8 xlxlO 9 
10.2 x 1 . 6 x 1 O ' 19 

= 1218014706 giga meter 
X = 121.8014706 nm. 

l*i jj^u_yU If) (^^l! ikiuJI 5J La-JI ^ Sjj Cju 15” Ijj — Y 

. iJuUI J-JLoJI y> 


V 


= R 


V 11 ! 



iJjLII ^|jl>o^U 
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S. I — i l l .,. i = 111 jl pjJjJlj . ouLj — (R) ; jj—ull ( V ) 

( 1 V 2 ) ^5jll J-«JLa!l jLltfUl jL»b j! Jj . (j^tL — 113 s jlL 31 Id = 112 iijL^J 

: i35l«J! lj| <1» Ijjy (jail y>j Ill+l y>j 


— =R 
X 


1 


(n?) (n,+l ) 2 


= 1.09678 x 10 7 


1 


(_>ojyuJLj 


l 2 0-1) 2 


J 


656.0x10' 

1523693 vi 8225850 

r* 5 jL>Jj ] jJ j—kj'ilj ijj 1$ 3jjLm> O-0JI 0 JlAj 

. (n = 2) jl>-I jjfij (n) ij jj>-l 


1523693 = 1.09678 x 10 7 


1 


1 


(2) 2 (2 + 1) 2 


1523693 = 1523305.556 

4. I .. JL .J (jl ojjj j! s_x>o |j] . 3 JjU 1I jjl» C>H i5j^*** ^ryi l*x»- Jlj 

3JLUI (jl-j ^_Le |j| j , .> _» ».» <j_4 4-a lh'u oLlj^sSJ^f iilkJI 

<1 (jo*II Ij^J 3 j1j«oJI iilfcJI jl . JX±»y\j Tt 1 If! 3 jJj~oJI 

. jijjyij • { y 3 ^y t tljk 


c 

V = — 

X 


1 2 

(— mv ) ^>JI 3JLLJI (jyU (> 

XlP L* _y»j (>*J 

1 2 

E = hv= — mv + w 0 
2 


JjJaJI — 1 <jlj |jj (Wo) X^>lj'll XJUaJI t yyjyi\ XJU» (j_P ^x«3 hv iii 
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= 5.657 x 10‘ 12 erg/quanta 


10 


E 350 - 


E240 - 


6,6 xlO x3 x 10 
3500x1 O' 8 cm 

6,6 x!0~ 27 x3 xlO 10 
2400xl0‘*cm 


= 8.25 x 10* 12 erg/quanta 


Jj_kJI jJlC Ij—t 4aU»11! 4j£^>J| ilUsJl ^3 jjil! |jj 

j*j 'f 1 

K.E = ( 8.25 - 5.657) x 10‘ 12 = 2.593 x 10’ 12 erg/quanta 
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5j jU 

AljUit mW < 


5 >jj jjp ol ji! ^ • 4 j*~* o»lj ijjjjl »Ji ^j5UI Cjjj > -‘ "» , > -l — \ 

. y>- Ja jL a V 0 • CijIjSj y* jaJLaj t «L>jJ ? °\ • LftjjJ Ojl 


JUJI 


vuljliJJ |»l*JI (jjJLill ^|jl>oL»L 


PV = nRT 
RV 


n = 


RT 


750 
n = x- 


10 


760 0.082x283.15 


J-a»o osyyulb) 
= 0.425 mole 


(O^LJI 0.^ J^j ‘ (*!>?■ V <> 4^* u 1 ' <> 

• y* 


2 x 0.425 = 0.85 gm. 

oJLSj ^°to -'■-' | C ’ j2_ I \ * ^»v>J1j Iftljji# *I^JI L>< Lfj olj ijjjjl — t 

LlJuo 0 Lfclj-lio <■ ajS JI ^ . ..£ 11 . Jjjj Vt • IjjljSj -ki~6 Joft 4 lu » 

( 5jlj^> 4->jJ (*°t * JI j_j>^il »l_^fH “Lj-jJ ^pCjl JI 4ll j <5 J i ‘ y*? 

• y *(>f!l yo y Li 

UJI 


Pi = 74 cm , 

Ti=25°C , 
Vi = 10 litres , 


P 2 = 2 x 76 cm 

T 2 = 40’C 
V 2 = ? 

(Jiy J lij# u>>^ <> 
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P,V,.P,V, 
T, T 2 


3JjUil 

V - P 1 V 1 T 2 _ 74x10x(40 + 273) _ 2Q15 
2 P 2 T, 5x76x(25 + 273) 

JlIp jjj 0 *UJ Ort'jyj 4 4 £>« jli (>o Jajl> — r 

j*lj^ Y : \>® : \ ,_jA l^l^H 3 j~J oJISj p°YV i>>jj 

.. tU'il <iol>JI JmLAJI 

UJI 


( jic jlc J5[J 0^1 J.i£ v_jLul>o 


(jic J-aAo 6 Jl» 
No. of H 2 mole 

No. of O 2 mole 

No. of N 2 mole 


— =0.5 mole 
2 

— = 0.0468 mole 
32 

— = 0.0714 mole 
28 


P = 


nxRxT 

V 


_ 0.618x0,082x300 _ 
5 

= 3.041 atm. 




v - P) V 1 T 2 _ 74x10x(40+273) 
2 P 3 T, 5x76x(25 + 273) 


2.045 


<4_jL« <i*S O t k un l . i>* f LHt' ^ 8 ^ • LfjL*-> OjjlJI tSjiaO — t 

j 4.n,H 4, 1 1 >P *Y ^A 4jhdL*£ yl ^1 a Ijj « jIa 

oLoljjf- jju_c (jAl* : Ijjlj 4 Oj^ S ’ »•■» > ! : *!ljl . jikll 

. UJI 1U-&J! : tilli 4 J! <iUll 
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JL*JI 


JLiUjj . yJ 'f LfJli • ,• • Y ^ jWI iiLi5 pU |jj 

OjjJI J j..« t (jLi 4 - j . l g j . ^ 1 “\ = i -j- T _j-» *^>JI yli 


*\ 10UI ^A-l aOP 

Y oV _>i! 

/ p|>?- V = 


PV ~nRT y^JlsJI £>* LmJ I <y»l.«>Jj 

2x0.082x373 


P = 


10 


UP 


= 4.474 


(A) jUJI 3ili5 4 5jlj>Jl p^K»JI fji OljU (B, A) - o 

. (jjjUJI <jl (A) jUJl i*JkM (B) ujj^b ‘ (B) jUll 

L*JI 


PV — n R T yjJliJl plju>OL»0 

_ n _ ^ d, _ 

Pi =-RT = - L RT 
V M, 

jliU 4.>..«. ‘v ) Ijj 

P 2 = — *- RT 

m 2 

( jlc J.n>J 4 jum2JUj 

p, jiZMi 2/1 , 

P, dj/Mj 1/2 


4->jJ «Ui JJ* iui~e X>!j 9 jJ3 Ja i~o -UC jli (jj (il) JOC ijjjul — 

J_»T jL© O—* J 'y» ' , \ iiLeJ Jotfj 4 yi Y 0 JJt yfi 0 jlj 2 > 

. Ojl^aJI 4 0^1 JJ£ 4_j4-jl>! . » YY 0jl_^> 4 j>jJ ^i> jUJI Jjd 
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^u£u viUjjj (n + 0.1) 4 u >K)I o'^il jjs - ; ^Ijl 
PV = nRT 

PV =(n + 0.1)RT ^ 

1 x 2 = ( n + 0.1) 0.082 x (273 + 15) 

2 = 23.61 n + 2.361 


n 

T 


= 0.01529 
PV 


nR 


: 


T = 


1x2 


-= 1595.176°K 


0.01529x0.082 

j_ie LflUa] (j 5»,i jULoju — v 

jJi* tjSJj *,V 5o>- Sjjjli J£J jLc l$j . p°to 5j Ip* 

Li . p° ^ Y V 4_>jj ouLSj oyj ^ Laj >1 . — ^>-JaiLo 


? jl t * ll l Lm~ o }\ 


JL*JI 


CjljliJJ ^LnJI oyUJI 
= 0.7 = P x 2V / R x 298 


P V = n R T 
PV 

n = 

RT 

0.7 = 0.5 x 2V / R x 298 
V/R = 0.7x298 


jl^JI j Jo JoPj 


0.7 = ™ ( _L + ^) 
R 298 400 


V 


3JjL*ll o j^J ( — ) A aj S u Jfjuuu>^!bj 
R 


0.7 = P x 0.7 x 298 (— + — ) 
298 400 
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0.7 =P 208.6 (— + — ) 

298 400 

0.7 = P 1.2215 
P =0.593 

yjSuj iiLJI (V/R) A>bj (nj) O^ll JA£ JjAj 


(m) 


rn =0.539 V/298 R 

JaA-oj J» ji«e OjljJfc -lie j»— . W 8 A Sjjj jli y* J_)J ^ * — A 

( jUuil jLiJI aJjLm h t.All * m 3 ; Hjl . p yjjjj si) ^ 

\ > x TTA = (a) ouLill 4— yl jJLc IjJ JLijj yLi 

. ' Jjj ' \ * x 1 X ,A = (b) t T J y iPjjj 
U3! 

PV = n R T y_^jUJI (jj 

Px 1756= 10x 8.314x 273 


P = 12.9255 KNm 


-2 




n 2 a 


( p + 777 ) (V-n b) = n R T 


(P + 


V 2 

10 2 x 228x1 0' 3 


(1.756) 2 

= 10x8.314x273 
-2 


■) (1756 - 10 x 42.8 x 10 6 ) 


= 9.71 KNm' 

>-»..» > { . °^ X 8 SjIjA- 5->jJ -lie jjJ \ Sjjj jli y* a>-Ij — ^ 

; yb Lie . Jlijj jli 5Jjbci jjj Jliuil jli!l 3Jjl*j yj JaubeJl 4ju4 
jjJ ’ \ ' x r,V\ = b ( Jjj y> XyiJ t, \V = a 


_L»JI 


Jbyll jlill iljbw yj 


PV = n R T 
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_ 1x0.082x298 .. _ 

p = = 24.46 at 


Jlijjuti iJ jIju ijjj 


n 2 a 


(P+— )(V-nb) = nRT 


(P + 4.17)( 1 -3.71 x 10‘ 2 )= 1 x 0.0821 x 298 
P =21.24 atm. 

. T 0 Ojl <L>jJ JuP jlp T ^-< 8 * • t-U] — ^ • 

. i,uli iiibjL>l!l JJP >-<i. ii >1 <. y> Jl>!j y>- LOuoj 

jj_>vo jjLt J_5J cjI jjp jb*^ PV = n R T »ljAJL>b 

. Lis Jj>lj 

1.01325 x 10 s x 10 6 x 6.0225 x 10 23 


N = 


8.314x273 


= 2.6885 x 10 19 m 3 


1 PV 

Z n )jl 

2 VtcM ’ 


1 

Z = -(2.6885 x 10 19 ) ^ 


2x8,314x298 

3.14x28/1000 


Z - 1.3442 , 10'’) ' 2x8 314x298x1000 


3.14x28 


= 5.654 x 10 


.21 


, A 


jb (j* Jj objuaJ! JJP ijl ( — ) J«al» £>l Ja^ibj 

2 

^Jx.Jb objucJI <^1*P kiijL>o <Jk>J (jl JuP i JS u^J jl . pljisuo^l <,4 aP 

. ,J53 obj-aJI JJP ■ 

- X 5.654 X 10 +21 = 2.827 x 10 +21 
2 
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ifrj—JI j j^fJl Ojfy Ujilft jUJ 5jlj>JI v ^ ■■!. ■> ] — \ \ 

a XV aj j 1 j ^ II Wj' nj 


J^kJI 


M = 4 x 10' 3 kg 


Crms 


3RT 
V M 


3x8.314x300 


4x10 


-3 


= 1.367.4 ms 1 


1367.4 = 


3x8.314xT 


28x10 

T = 2100 K 


-3 


( j-i jUJ i,yli .X>lj ^5 Lfjji> ^j3li tijLtljla-o'il JJlC ^ T 

T ^ * X l • Ijf OjaJ j_> JaJL flj . °ji X • 5jlj_> <->jJ Ju-lc \ 0jj5 |»jk>’ 
jw \ * X \ . \ i ^LuUI i_jLoj (jb Ulc . > ijjjyxj 

UJI 


SJjUII <y» r p~i J5J jjkC jL^I &» ±> "i : "ilji 

= PV = 1.013x10 s x!0~ 6 x6.02xl0 23 
RT 8.314x298 

n = 2.46 x 10 19 


C = J 8RT - I 8x8.3I4x29~8~ 

V kM \3.14x32x10' 3 

= 4.44 x 10 2 ms -1 = 4.44 x 10 4 cms -1 

and cr = 1.81 x 10 -8 cm 


Z =~x 3.14 (1.81x10" 8 )(249x10 19 )x 4.44 xlO 4 
V2 


= 1.96 x 10 28 collision s : m 


-! -3 


43 ' ^ *x A, t \ (j-* j J -dl <->jJ jlc O' fJ* l< ij — 

Jt_xf 4_>jjJI tjj> jJLC jUJI (Af! SjJk!! SjLJl iutfjjj i^jUk>l . ijjli / ji»/ jsly^ 

. J-> T jl« ^ 0^>M \ • X ^ X ^ ,X“ Ja«~o 
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X 


= in 

Cd 


'^aII (j— 4 Bj 


: ^ jUJl iiliSj 


T| =8.41 x 10 -6 KgnT 1 s' 1 
C = 


8x8.314x273 


3.14x2x10 

-3 


-3 


= 1.70 x 10 3 m s' 1 


, 2x10' M iir\ Jjjjt , , -3 

d = = — = ££. = 8 9 x 10 2 learn 3 

0.0224 V 6 

5JjUil 


\-6 


, 3x8.41x10' , , 

X ; r = l .6675 x 10 7 


1.7x10 x8.9xl0 


-2 
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4J 

1 


: (jj «j>Jf ljj> j_yi L^»l j . Vi ..>| £>5 L&j ^^1)1 o'ijUIl 

Oj \ja iljl** — ^ 


— = dS / dv = dH / 


dT 


TdV 


i n ^ = ^k Ll_j_ 

P, R |t, T 2 J 


^ = 78.78 kj mole -1 


~ OjjH iljUj — Y 


<jj xy oy^ ~ f 


: S-jjLjIc^I jLUJ! i»>jj — Tb yi 

: 4 l i<_>iUujjh jji iSj^^ ol5Mc 

AH° = AG° + TAS° , AG° = - RT In K P 


i_3 y> cjjli 3 JjL« 


log 


AH° 


J__J_ 

T T 

i] i 2 


k, 2.303 R 

: oljlill ^ uljl-ll ojjIjj t JjJLck*.'! <^0 23'>Lp yf L»£ 

K P = K c [KT] m 

iU Lilli jf^if o'lljil jjlCj Jit (>m (Jjiil (An) yl d 


O.P- 


\ SjljJu kli Cl>J j.ei'iS' Lajlc j ^,.r» w Ojl^pJl 4_Vj j >.i.».>-t — \ 

4 _>jJ J_ip (jjjyx j \ • kli -lie J^ajj j-n\t ylj j»lp |jj pf {yyx> 

X ^ ,AA _j— » (_>«iij oic ^ TY® 
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YY,Y*A 5jly> <jlj LIa . ' 1 ■ x V^H t r p ^ • 

• ’'Jj. 

UJI 

i)jL»j (jj 

d p / dT = TdV 
dT /dP = TdV /AH 

dT _ 598(1.944-1.88)xlQ- 5 i7i ^ iq _3 
dP 22.38 

4j^ 2JI OJA lj -U.aj JajuaJl Jjaaj jljjj 5_»jJ jl IftljJj 4 j»uaaJ! OJA 

J^LaJI Hjiu (jj jj !>(j t 4jfcjj jl ojI^aJI <uyu Ujjl Ijlj . ollm.ll 


jLJ 


0 JAj 


10 6 - 10 s = 9000000 N/m 2 


uL>> 1 jA«aJ) i»Ji jA uJx^yuiLj 


dT 


= 1.71 X 10 


,-5 


9000000 

dT = 153.9 °K. 

: cT* Ojfcj 

598 + 153.9 = 751. 9°K 

— : (JaUaIJ o_jlji2JI 5 j>JI iiltJ! ^ — y 

+ COCk 


CO, . + Cl 2 , 

(g) (g) 


‘(g) 


►I . o^J jji Y5A SjIjaJ! <p-jJ jaa Jp- J Y*r>AM 

. -HfcjjJI oja jaa JaUaJI IlfJ (jljj'lll 


JlaJI 


AG = - RT In K 


iljUll j (jJy^juJLi 


- 203.8999 = - 8.3 14 x 298 x 2.303 log K 
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, Tjr (203.8999) x 1000 

log K = 

2.303x8.314x298 

log K = 0.035735 x 10 3 


log K= 5.43 5 5 x 10 35 


^j J 


j>j . JjUJI Ija jauj L r u-U> l • f ^ 4-^jJ ^ 

, -U2JI OJA JulP JtuLAll £>| ^lp |jl t <U3 JoP ^LJj»J{ 

C0 ( S , +C1 ^— >coa > (! > 


JbJI 


T b 

AHv 


J_l 3-wtl 1 1 (jjjjjJ OJudj jtl.'Jy.U.'lj 

= 87.78 kj mole -1 
= 387 x 87.78 = 33.9708 kj. 

jjjjjyS — <UjLu ^lji>awbj 


log 

p. 


= -AH 2 
2.303 R 



1 

387 


log 


1 

0.974 


-33.9708 

2.303x8.314 



1 

387 


log 1.02669= — ? 3 9708 

2.303x8.314 



1 

387 


i , no^n -33.9708 
log 1.02669= 

2.303x8.314 


387 -T 2 
T 2 x 387 


T 2 = 113.02 + 258 = 371.02 °K. 


Jjl 41 Ij>jJ 4 ylaliJI Ojl <L>jJ ~ (Tb) 

, i>pJI 
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J \ • *11! (jl ^le- IjJ . yj yuo 3->jJ .lie Sjl l j»- — i 

iitf KSj y+j ygj V,« JaLfJI i->j-)j t r ^\y>- d JjIjkU j . L>* 



(Jjtyl j^ckII jU^j /. iiliSJl x = iJoSJl 


V L = 

■ -L = 1CT 3 m 3 

kg" 1 



10 3 


Vs = 

1 -1.091 

x 10~ 3 m 3 k g -1 


916,6 






— — Jjju jbo*i, 

dP 

dT 

= = 7.5 x 

1 0~ 8 kN" 

3 m +2 

dP 

10 8 





AH j 

iL»<^f iJjbdl j»ljjCL-dj_j 

dT 

_ AH 



dP 

TAV 




1 

AH 



7.5 xlO' 8 213 (10 -3 -1.091)xl0~ 3 


133.333 x 10 5 = — 

273(10’ 3 -1.091xl0' 3 ) 

.*. AH = - 33.1239 x 10 4 kj _1 /g 


. j»°Y 5A j f°YVr Uaj (j.i *<.!*,»> jjjufcjj jlc J5U i_»jj J^vji — o 

X t,AA t* \» X Y , \ Y'Y'Y' yjjl» die (JjUkaII k «~ rJ l <jb pis IjJ 

• cMI^V 


— jij yy£ JJjlw ^! j . y >.. » b 


In ^ 
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In 


4.88 

2.133 


- -AH V 
8.314 


1 

298 


1 

273 


In 2.2878 


-AH V 273 - 298 
8.314 298x273 


9.8538 

AH V 


= [3.070 x 10" 4 ] 

8.314 

= 268.655 k j mole -1 


, : 4_uM I JJjlulL 4ie L* JJU ^SjlioJI Ka»a 1 I jl pit |jj — *i 

log P = -iHI - 7.0 log T + 32.273 N/m 2 
T 


jj-All I L_«.a 1I 4 jji — T . 4_^jLxc'il <JjL«JI (jL jL c — Y ; j_»jl 
jj-i)l — i 4 p°YYV J-j-c V.il l iuLAll — r 4 |> °YYV 4->jJ -lit jjAojJJ ij jIj>JI 
0 Y * * Ojlj>- i>jj jit ^ jJJljJl — O t DjjJl iSltJI 


1*JI 


(jLjJUJl jit 4ilkll 5jljJ«JI 4jfcjJ iiuLdl 


log 101325 = - 7.0 log T + 32.273. 

T 

/. T = 370.7 °K 

(JjLiJI I n* . Al l — P jl>^l j*^li <Jli i5jlj>JI ^uuJI 


log P =-f^7 _ 70 log 500 + 3 2. 273. 
500 

log P =-9.794- 18.892 + 32.273. 

log P = 3.586 N/m 2 

3JjL*ll j>|jWi..iL» AH 4 * j 9 jL*^i 


, 3854.78 

log 

101325 


-AH 

2.303x8.314 


1 1 
500 370.7 


AH = 64.87 kj mole -1 
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A G° = - RT In K P 

A G° =-2.303 x3.314x 500x(log p 2/ Pl ) 

A G° =-2.303 x 8.3 14 x 500 log 3.586 -log5.0057 
AG° = -2.303 x 8.3 14x 500 x- log 1.4197 
A G° =9573.571 x 1.41197 = 13.5910 kj mole -1 

\ ' WT® - * ‘LjjLup'i I qL.i.U.11 q is (JjLV.JI JaJLaii 4_oa3 

5.0057 = log 101325 

, AS 

AG = AH - TAS 

/. AS = 64.87 - 13.6 / 200 = 256.35 k j mole" 1 


^°Y • ijy O-jJ qlc (Kp) 4^u0 q>ji — V 

■» NO, 




(g) 


^3 yi l»Sj i Jjj J_^> 4J ^ AH L( jJliJ'5l! ^ jjmjJI Jl jJU Ijl 
t 1)1 t j j .o. S' l : <2 jLJI olj^iu yj ( JiiJ AS 

. fyo ql* JljjJI ^ '"J r J yr J Y •«,> 4 m,r 4 Y\ *,V ^ o*»ySl Ij 


^lSJi jAAjJI jI>^J 

AS* =lAS^,-X AS .b», 

AS 0 = 210.7 - >/ 2 x 192.3 -'/ 2 x 205,1 

= 12.0 kj mole -1 

Oj^JI iiLL'l ^ jjAlJI . AG <uoi jL>u^ 
AG° = AH 0 - TAS 0 
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AG° = 89.96 x 10 3 - 298 x 12 
AG° = 86.38 kj mole' 1 

_L> (J _L jjl Jl cjutUt (Kp) jL>oj Uu£l»j *OLi <ulcj 

: iijUil ojj> 

AG° = -RT In Kp 


log K P 


- AG° 

2.2303x8.314x298 


log Kp = - 6 '- 3 - xl ° = - 15.13885 

2.2303x8.314x298 


log K P = 7.263 x 10' 


: £►» ,J5iJ AG — A 

H 2 0 (L) , 100°C = H 2 0 (gas, 100°C) -y 

H 2 0 (L) , 37°C = H 2 0 (gas, 37°C) -Y 

IjJV <L>jJ JulC (JjliuJI JuLcJI (jij pie 131 

AG = 0 julcj (jt jus ojljj 5JL> *U!j *UI jL>v> (jl m!*II y-* 

: jy* AG <jli (Y) jAj UUJI ^ Sj-JJLj . AG° = 0 <jti 

A G° = RT In p 2/ Pl 

A G° = - 2.303 x 8.3 14 x (273 + 37) x log — 

47 

A G° = - 2.303 x 8.314 x 310 x log 16.170 
A G° =7.1731 kj mole' 1 

: JlsJI J^Uli) x>j\ — 5 
c \> + 2I \>— >CH ’ 0H < S » 

I3_f! AG° 5j_>JI iilloJI ^ yilll (jL jJLc I3{ (Kp) ijljj^ll ouli <uj3 

: JpUsII 
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C0,,+ 2H 2 - 

(g) (&) 


-*ch 3 oh 


(0 


\ A Y ' • yJ> J_j->vSlU ^jL><jJ! JaJuoll <jl_j I tlft Jj_« Jj-> >iJ t \ ~ (_j-« 

, ^°t « <C*-J.x!l ■>-*£ T j>/(jJ)aj 

UJI 

l»S (JplioJJ AG JlSJbj y> JJ-!j y ^wl^Sil (JjliuJI iaJL c JI 


C0 3( g ) 0H («- 


CH 3 OH, 


'(g) 


|jj 


AG° = RT in K p 

= -2.303 x 8.314 x 298 log 


16200 

101325 


C0 (s) + 2H ’( g ) 
C0 3 ,X)H, 


= + 4542.18 k j mole 1 

SJjUII oils' SjLcljj 

- > CH 3 OH„, AG° = - 29 1 00 j mole -1 


(0 


(g 


C0 ( g ) + 2 *V 


-> ch 3 oh 


■(g) 


AG° = -4542. 18 j mole 


-1 


^kJb ji J- ex Jo Ixl^I* JSJ 

->ch 3 or 


(g) 


AG° = -29100 + (-4543.03) = - 24556.97 j mole -1 

(Kp) OaS 

-24556.97 =- 2.303 x 8.314 x 298 log K P 

-24556.97 


log K P = 


= -4.3038 


-2.2303x8.314x298 
log K P = 2.0128 xlO -4 

: L (J^liaJ oJ'il oL L l >J I — ^ • 

1300 1200 1100 1000 900 S^Sll i*.jj 

0.087 0.0138 0.0255 0.0482 0.0888 K f - V \^/^) 
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. AH « IjJ 3-1 . 4 , al~>»D Cjl»jJ JJUS Kp OuU ft^AJ IwijAJ 

• ijjla^dl Jji ^Ul)l Jjj« 

UJI 

L_> (Vt) (1o§ Kp) <55UJI ^~>jy JjLw ,i>b 

AH 

. AH 4j^J jL>oI 1 1 ‘*.5^,1 4ju « ( ) ij *L«u <Lu 

2.303 R ’ ~ 

AH = - 88.6 kj 

\ * X \ (_J-* _}— » \ 1* < JlxP jjJjiJI .U-<[ jlAj wfolll Cjul£ Ijj — ^ ^ 

■iLSkilll ox3LS^ \ TV < >j-> -U£j °VTV 5jlj>JI jic 


. p°VYV J4* AS° Jjii J-»ji , 1 \ > X > , T V 


JL*JI 


: (jjUjfj^JI jJitf JILLS’ cju 15 ^leliull jIjaJJ jjSjjJI ^,3 o^yo 

2 CO2 > 2 CO + 0 2 

| 2 x 10" 7 1.0 x 10~ 7 

: cjuLSj ^ VTV jip 

| ' 1.27 x 10" 1 0.635 x 10" 1 . 

:p °\ \ TV .u* 
; ^ f °VYV Jic (K p ) |j| 


K P 


= = 4 x 10' 21 atm 

(l ) 2 


K P 


(1000 K°) AG° 


f UTV 

= 0-27xl0-) 7 (0.635xl0-) _ LQ24 x lff «, ^ 

(l ) 2 

(AG°) 3jj5 

= - 2.303 x R x T log Kp 


= - 2.303 x 8.314 x 1000 log 4.0 x 10 


-21 
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(1400 K°) AG° 


= 390.491 kj. moF 1 

= -2.303 x 8.3 14 x 1400 log 1.024 x 10" 12 
= 321.33798 kj. mol" 1 

■ jL>u! AS 0 

AH° = AG° - TAS 

3j 3*2|| isjUl <jj AH 0 iajjLwj'j 


log ^ 2 . 

k, 


- AH° 
2.303 R 



. 1.24 xlO" 12 

log 

4.0 xlO' 21 


AH° G 000- 1400 ^ 

2.303x8.314 1^1400x1000, 




log 31.0 x 10 7 
AH° 
AS 0 

AS 0 


AH° 

2.303x8.314 


(0.0002857) 


= 568.9744 kj / mole 
AH°-AG° 


T 

568,9744-390.491 

1000 


= 0.178.4 kj. mole" 1 


Jl NOC1 JJLoJ Xm ( jljj'il CjjIj (Kp) jlji* — \ Y 

oL LA* if °Y • • JeLiJI 5j| Ip. Viul5j 2 NOG 2NO + Cl 2 ojill 

OuL5 NOG Jajuail jL Laic . ySf k« - o I 

• >> ’At 

• “jlx 3 " '/A)° (Kp) jljjj LjlP AH° 4^3 J-»jl — Y 

^°Y * • 3j>jj jle . (Kp) Ljle AS° 4-t^5 xs?j)\ — T 


! (JjLj oljUJI Jaauall 

1 - 0.64 = 0.36 atm 

Pno = 2PG 2 dii 

JlilLj Pno = 0. 1 2 atm K Pci 2 = 0. 12 atm I j| 

oJj> iif-jJ J£ jljJL> jljjj Kp jl ^le lj{j 
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dink 

dt 

0.015 


AH° 

RT 2 

AH° 

8.314x (473) 2 


A AH 0 = 27.9 kj 

AG° <U jLxj^f OuiJJbj 
AG° =8.319 x 2.303 x log 0.1 



(j-a ui jljj-J (JtfLil] 4 -»jS jljju _y»l» — 

. f °n« Jl . r °rv 

yjjtaJI (2>4J . OjljjJf 4j»jJ ^Ujjl CLollJI i*j5 Ojj Iaj <j-° 

1 k 2 -AH 1 1 

log -2- = 

k, 2.303x8.314 |_308 298. 

log 2.0= x- [0.0001089] 

2.303x8.314 

AH = 52.928 kj mole" 1 
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JjL~* 

JJU u 


(j_» 4 JiLaJ Ju£j . Jjjj AY, a c-t-aJJ (JjL»uJ! JajLeJI (jl£ > 4 j»-jJ JutC — \ 

k-J— -u>l . y.^'\ Jjll J~£JI 4j~u OjISj . Jjjj jU AA,r Jai-eJ) ^a-o) _jSu«. 

*UU UpLJ[ 

bJI 


yijrfii jac (jail >.n oJjjij <j_yi5 (>» 

a =P/p'= — =0.95459 
92.5 

j — >£j| (jls 4jicj 

f =0.95459/0.96 =0.99479 


CjMaj °* J Cj!>L> ply* If 0 lajjjfd (5 jL»»jJ| Jxi-oJI — Y 

ijiuJI 5Jl»JI ^ L 4 J (_SjL>aII Lu w l I I (ji pi* IjJ . p°Y • +a£ (Jjlii'-Il 

Sjlj_>JI t _ r -_ flJ j_lc Jlj-jJI '{Icyji* *J r,"\5r k W'l 

. iiiLJI 

U)l 


jAj oJjJlj (jjjli jj-kkjjj t oljjSHI ji>^f J_jil j~*5LII jL»o^ 

Pi =XiP'i 

Xa + Xb = 1 <ji pie I jl 

25/88 


_^ZMa 

w a /m a +w b /m b 


25/88 + 50/102 


02840 


0.284+0.4901 


= 0.3668 


.’. X B = 1 -0.3668 = 0.6332 

^ it J£J JjUoJI Ja A- e JI 
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% 

P A - X A P' A = 0.3668 x 9.706 = 3.560. KN/m 2 

Pb = X B P' B = 0.6332 x 3.693 = 2.3376. KN/m 2 
P Tota i = 2.3376 + 3.560 = 5.8976 KN/m 2 


uJI j-pj TA* 

^.jil J> ijjLJ j! ej 

. I44JU J5J (JjlioJI 


Ju J£J Jjj T ! J y Y 

jUjL>j . Jjjj |U V • • laiwiJI jlf 


ciJjjlj iy*y * ,# J_ji! *,$ JjJM 0^ ^ Ijj 

280 =o.4(p- -p;)+p; 

300 =0.5 (p; -p;) + p; 

Sjyuill sift (^uJjUIl Jj>oj 

280 =o.4p; -o.4p; + p; 

280 =0.4P' B -0.6P; 


280 -0.4 P B 
0.6 


= p: 


300 = 0.5 P B - 0.5 P^ +p; 

300 =0.5 P B -0.5P; 
300-0. 5Pn 




0.5 


= P” 


B 


0.5 


: J-a>J (B, A) ^uJjUI uSjLujj 

= P1 


300- 0.5 Pg _ 280-0.4Pg 


0.6 


Pg =399.20 mm Hg. 


P A Op ^ 0 * 


P^ = 200.533 mm Hg. 
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. «• • *L» ^ Jjli< j»l \y* Y«,5V jos 5jU I & j^JI - i 

\ V , t Y t ^ Y° #j!j— »• j4s ^yl£Jt i5jL>«jJI Jxi-cJ) : ijjj'i! cjLJmII y^ 

. (Jjij W,°^ »UU <^l |J-e |j| jjij 

i>J! 

^ol< >< i*Vl (_5jLi«jJI -ki-oJI iJjluj yj 

AP = po W B X ^A 
W a xM b 

ijt 4 l .» f. » ^ b /Mb <j* U*J*i 


AP 

17.5-17.42 =17.51 
Mb =204.63 


W /M 

_ po yy B ' 1VX B 


w a /m a +w b /m b 


25,97x18 
500 xM n 




\ Y Y J^SJIj dijjjuJI yA»J> y« J5J i»jJ yL (4c |jj — O 

'"Jj-4 J>-» J A,r j n,vr u» (AHf) chj & Ji 5 jI>>j ^ fwt - 

5jly_> j-v P J^SJI ^yi iLjjljJI yA4h> oljj ^yic 

. . ^°\YV OjSuil JjL»nJI jl o*>ju . f YV 


jl^^U jyljjJI ,y jjIm - (AHf) 

yJJ 


ijlj*il ,Ji«j In (Xs) 


-AH 


zIlUi 

t 2 t, 


0O>lj Jjil y-iSjl 4 jjJj (Ji i i vll ,U>all +>jJ (Ji*3 T 2 , Tl y« yl J \>> 


. y^yuJljJ . i±lX>0 LfiC ^ylll O-jjJlj 

-300 + 400 ' 

300x400 _ 

= -0.728 

X s =0.1870 


log (X s ) 


-16730 

8.314x2.303 


-545 - 



> s^VYA ioljj Ju£ All lj| cj,»ja5lU { J>j>i\ oj^l >-i .« . , > i — “i 
L.aie tp °*,iA*\ j I ■ >» >. i jj2 3 . < >. > ■ “1 1 (jJISijJI (j» 4 1 , YVY ^ 

. /Jjo* \t5 ° A*>YY (_j* (jj3lofc i . i l j ». ■>•') I <>-jj (jlo 

UJI 


K f = 


r r 

AH, 


<j_jjlfcll c > 




__ 8.3 14 x (80.22 + 273) 2 

Kf : 

149 xlO 3 


K f =6,961 
AT = Kf m 2 


fcjj'il iSjUJI (j»j 


«MJI 




W, 1000 


(o*>ali jj y u^UioVl) AT — Kf x 

W j IVA 2 

M 2 4 (jjJLlijJlj cu^_£3l <j* JS <jjj . M 2 , Wi, W 2 vi* 

. (_>i>jy«i)b IjJ 

A 0.9728 1000 

0.486 = 6.961 x x 

54.232 M 2 

M 2 x 26.356 =6780.416 

M 2 = 257.2627 

A) *r5 = ft -T oj^ J3i»j M 2 4±U>- 

. JiLiJI ^Loi (j I tsi 


. '[IPs* Ym 


: oU^IaII jo — V 

( _jfcU! «LaJL) (^jUkJI iajLcJI fcjaJ — \ 
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. p~» Sh,'? (Jj'ijil — T 

• r fl Cyy& Tm Jjj^Ulj »UI (>• ^>j! <jjl»uJI -Li-oJl — t* 

. ^ T • ilc <L>I ill SjltU JauLoJl 4 - i.i.i-vl 

UJI 


: ijj'Jl is^Ldl (jj 

V x % = 2.303 RT log p i / p 2 

P 2 , Pi 4 < . 5 th 11 5 _>jjJI — T 4 — (V) pjSJI kijyj> 

. I_u 3 jlll ( jLe I_JU jllj Jy a. all (JjlioJl JajLcJl 


7 TX 18.03 X 10“ 3 


= 2.303 x 8.314 x293 log 


2338 

2334 


7t =231.391 KN/m 2 . 


: cuL*^Ull (jj — a 


t j> °AT £-• L^-Jt^li 4 \^V 5_,y^u«JI 5 jUI yjj — ^ 

, Ujlf-sul i>jJ f°>*U 

oUJ aI I cjjLJj p °A* L#-3tilij ^ °\ \V — Jj^kSU jl $ — ail I — T 

MT JpJxD 

ejLII jLf^euI jloJu L^j ij 4 4 jj.A«I| ojlil j|ji» L« . _ 1. ..,->■! 

. \jyjx*. Jl 


JL>JI 


r *V — A * — AT ^ ojl^j 

. (m) 

m = ^ / 1.22 = 1.693 

v_jL^>ja jf-Mi IjJ j A w 1 1 BjLIU £juij JJ J ^l > » 1 1 (ji Ja>}UI ijjj 

: j 'U b h'u j 
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In X 2 
In X 2 
In X 2 
In X 2 


X, 


- AH f 
R 




-AH 

8.314 

-AH 


8.314 


1 1 
353 434 

81 

353x434 


1.64 


■ x 46 J JJI w-SJt 
(1.64 + 1000) ’ 

(jijj Jl»j tA 


0.0753 


3JjUII ^3 


log 0.0753 


- AH f 

2.303x8.314 


AH f =43.070 kj. 


81 

353x434 


— jjp &)yj\ 3J U»- jj »UI (>j j>i \ « • • ^ <j|ju i > r.r — ^ 

yl OtJg Ijj !ji *til 4^LlAj Ju>_)i . |» \ • 

. ^ o j*-® 


UJl 

itoUJI ,> 

din a _ - AH f 


dT 

RT 2 


1"*. 

f d In a = 

ATT 273 

= AH f r 

-dT _ 

J 

lna=l 

D J 

^ 273-10 

j2 


-In ai 


In a<, — 0 £>l Qj.u.-a-j 
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- log ai 


ai 


= -5965 

2.303x8.314 
= 0.04338 
= 0.9049 


-10 

273x263 


Jl-l£ » 


HI £>— • jil JwLaJI jljuu ^ 

• [ j ~ ' T >lill ] . ^ °T « Sjlj>- 


7C = CRT 


Ja^LcJI (jjili 


C = ——mole 
180 

/. it = 0.082 x — x 298 
180 

n = 5.3 atm 

j-jp ( _ r ii I <j ^ ° V,t <_»jj .UP i5j~aP <~x>ja ,j3 yjJHiDI ^ 

(jlrfUJI ‘ *yj yl pic |j| . °J»MV 5jly»- 

L_*J , Li w .^r* a^-lj JaP Jjj / >il 0f,0 J ^u . ruH J lieu'll Sjljj- , j> ^ TA 

. y^ll l i jJJ J_jll i —yUtll jL^_su'll 

UJI 

yoHl ^yip j £j» >■. *■■», -> ^yip . Sj^Ull yj 


- log x 2 


- AH f 
R2.303 


J__J_ 
T T f 


- AH V 
R2.303 


_1__J_ 
T T v 


AH f 

’j_ 

1 " 

> 

K 

<1 

II 

"j_ _1_’ 

R 

T 

~ T f. 

R 

T T v 
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AHf 


8.6 

280.5x289 


= AH V 


9 

411x420 


AH V = 2.03 AH f 


-aSJl 


AH S = AH V +AH f = 53.5 
= 2.03 AH f + AHf =53. 5 
= 3.03 H f = 53.5 

AHf = 1M= 17,7 kj mole -1 
3.03 


i-.uA«J.i jjll 


-In X[ 


' 17,7 
v 8.3 14 


= 0.7977 


8.6 




280x289 


= 0.226 


Xj oli 0.7977 = Xi Ujj 


X 2 = 1 - 0.7977 = 0.202 
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ajjU 


: aJI ojj> iji io^IjLuj — \ 


Pt / Fe +3 , Fe" 2 jj Sn + \ Sn +2 /Pt 

< t u l|j.» l )5v j j^ < ' 1 1 < L l! > v l | 8.1# 0L0JI o^Leliu l_U^I 


+2 


+4 


UJ! 

2 Fe +2 + Sn +4 2 Fe +3 + Sn +2 

: L gb U5 < _il > . l l «_»LcJI (J^Uj UIj 


Sn + 2 c ^ Sn ^uJI 4 j>-U 

2Fe +3 + 2 e~ > Fe +2 jLJl 


cjJj^ 15 jj-ii Jl jLe \y> CO 3 JjjLjfl I j jjS irfljLC — Y 

. co +2 

1»J| 

Sj^cJI al# ^JLt 4jyU£ (j^ aj (JjaUllI 

Co +3 + H H 2 5,1 — fe Co +2 + FT 

(jl (j*J 4jlftj 

. 4^iCj (JuukStjJI 4^i*£) 4ui>J! (jj ujuUJI _j 

Pt/H\ ! / 2 H 2 II Co +3 , Co +2 /Pt 


. 4^1 j«,U E (e.m.f) <a±s lj 

Pt/H* , l / 2 H 2 II Fe +2 , Fe +2 /Pt 
i cjJjs • ,w (_j-a Fe 3 , Fe 2 /Pt 4_^1»JI E° 4 : ^L*JI £* 

. 4^»liU 


E^u = E x ° -E L = 0.77 - 0 = 0.77 volt 
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. 4—^ l >.11 <L.,),I j-ljJl iilUlj AG° i3Ua)! is ^6 foy 15 j» f jJkIw Lu 

Jl j>JI Jlji»l oL>Jl i^iUSj Sj_)-cu < J . » J I £jl Joj Lw iJL< 

: ^ ^ 

AG° = - n F E° 

!4H + + Fe +3 > Ft + Fe +2 <*!*, 


4,. jl aj| ^j3 J~el»JI j,uuil c v_>lks'i! ; Qj J£j 4_el>JI Oj^ljLxlf >._ j~fT j — t 

A_nSljJI 0 j_2)I a. Ajif) l— | xJ . 4- l lj- U j»UI| Jplijdl jvJ (jjJfcjjOjSl IajJ 

, iju'il j» °y * ole <A>JJ (E) 

Hg/Hg 2 Cl 2(S) , HC1 (0,01 m)||HCl(0.1 m) , Hg, Cl 2(g) / Hg 

Ull 

: ^LU'il J*Lu : 'ijl 

Hg + 2Cr (0.01 m) > Hg 2 Cl 2 + 2e jyiSJI >— Ja2Jl x ie 

Hg 2 Cl 2 + 2e ► 2C1 (0.1 m) + 2Hg t-JaJJI ole 


: yt Jim) (^e JelijJI 4 j1pj 

2H+ (0.01m) 2H 4 (0. 1 m) 

y> ^lill < , >J jJI Jpliu 

2H + (0.01 m) + 2 cr (0.01 m) » 2FT (0. 1 m) + 2C1” (0. 1 m) 

Jjliw J- u l a - u j 

E=E ._M ln <jqi x (ci^ 

nF (H 2 ) (Cl -2 ) 


ibUll tjjxiya , JLj 


^ „ 0.05915, (0.1) 4 

E = 0 log — — 

2 6 (0.01) 4 

= 0.1 18 volt. 
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: 4*3*1 — a 

Ag/Ag 2 S0 4 (0.02) || CdS0 4 (0.016 m)/Cd 

y> Ifl Of-»Jl v_LoJ q\£ 

Ag / Ag + = - 0.8 volt , Cd / Cd +2 = 0.4 volt 
1 — j-*SI i <Lv jjJI .uc elf] E , E 1*4 I . j»°Y 0 H 

I ll_j . ILLS’ oj 1 v i,» u iS 1 1 3Jjl*ll iwuSl j>j j_yLSJIj jjjSl ih uL u O lj a_oL»JI aJ jL»j 

J It jjJuj 'i jl yua I _)! jjll (E) d IS IjJ Leylj Sjl^><J! A_»- jj ^yilu E° dLS 

. (.Va i>jJ 


E = E°Ag/Ag + - E° Cd / Cd +2 - 


: (E) >_iL>J 

2.303x8,314 (Ag + ) 2 
2x96500 ° 8 (Cd +2 ) 


= (- 0.8 - 0.4) - 


2.303x8.314x298 

2x96500 


log Ml 
5 (0.016) 


= - 1.2 + 0.0295 
E = - 1.2 + 0.0295 =- 1.17 volt 

CJ* (E°) <£*} 

E° = 0.8 - 0.4 = - 1.2 volt 

JtLjJ a_i_oJLij 

2 Ag > 2Ag + + 2 e" uUi Jeto 

Cd +2 + 2e > Cd s-JUl 


: y> j*lU{ JtlUJI ajuuJLj 

2Ag + Cd +2 (0.016 m) = 2 Ag + (0.04 m) + Cd 

OjIjSlI Ajlud AjUndJbj 


AG° = - n F E° 
AG° = - R T In k 
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-nFE' = -RTlnK 


log K 


2 x 96500 x (-1.2) 
2.303x8.314x298.16 


= -40.568 


K =-2.703 x 1 O' 41 


^>jj ojlc i^ll (e.m.f) jlji» 

Ag / AgCl (0. 1 M KC1) : kN0 3 :0.1M AgN0 3 1 Ag 

^4>l £.'JI (JjLuj jlSj . ^ • x jJ— (^1 |jj 

• ,vv j >,vrt ‘ “i— “*11 cjIjU o_* J_£J Activity coefficient 

. £ • , \ 


JU*JI 


Lfjliail <,jlcj t J^JUvaJI JLSjLaS jj-uj joS^llI jjj <j1>- b j* ^*1*3 
: Bj2JI jli 4-}lcj viJjjLill c^JUl Jl i_u*J 

^ 2.303RT , n „ , 

n= 1 xF 5 ai 

J-ol_pJI iJjUil (j_» 1 j jl & (&l) l l 8-2 = 0.734 X 0.1 ylj 

• ( a Ag + = a l) J~»L*o 


K<s> - a Ag + acr = ai x 0. 1 x 0.77 = 1.56 x 10 10 
.'. ai = 20.20 x 10~ 10 molar 

coaII ^11 (j^l JUaI Cj^hj 
V+ = v_ = v± 

^jJaLiuJI JjLoj JjLjJ = V lijj > 
iijLJl JJj'jJi (jj (E) ^Le olimll ^jilb 
„ 2.303x8.314x298 , 0.1x0.734 

£ = jog — ■ ■ 

96500 6 20.26 xl0 _, ° 

E = 0.264 volt 
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: y j Sj^fu — v 

Au / AuI(S) HI (M) , H 2 (1 atm) / Pt 

siU jSj t >„ i— >jll t_ Ja S. 1 l yj J5J t-x>LoII ^ jJS yjic 

j.'lc (E) yl ^ic I jj . I j-> yj r -(^LLiDl (JjIju — T t j»lo)l 4 j1>JI 
oJ y • , \ V — 1 4 U|j» ^ j . o* i ' \ • t cJy * , i N — L^juji j*iy r 

Au > Au + + e J^Usil li*J E° ou!5 Ijj Aul •olj'iJl J~oL* jl.il. L=uij 

.^°Y« — L fj Uji 

L*JI 


t_L»jll >— JaZll t-x>Ljjl 

Au + r (M) = Au I + e 

1 ll 1. .^l | ^ « .4 *|l 

H + (M) + e- = 1 / 2 H 2 

4,4*01 .1311 JpliUU LuJbj 

Au + H + (M) + 1 - (M) = Au I + >/ 2 H 2 

E SijAj y5L*j cujjjj SJjLaj yjj 

E = E°- 0.059 log 0.059 log 

[M + ][I ] 5 (v H *)(v r ) 

- E° = - E + 0.118 log (M) + 0.118 log v* 

= - (- 0.97) + 0. 1 18 log 10^ = - (0.41) + 0. 1 18 log 3 

+ 0.118 log y ± 


log y ± 
Y ± 


= 0.0316/0.118 
= 1.856 

(jjJli yjiikt/j ■olj'il J-oL> jIjSI 4 >,. Hbj 


E = 


1.68-0.059 log 


[AO 

lO " 4 


- 555 - 



E = - 1.68 = 0.059 log — — ^ — — 

6 10‘ 4 x 10~ 4 

ui J1 Ij* £»-x> 

(Au*) = k SP / (T) , ksp / 1 O' 8 = 1 0" 12 

ksp = lO' 20 

cjJL^ Ijli .ilc oJji * jVW'X (jjl-iJ E° — (e.m.f) <uos l$J 4 j1»- J^Ud — a 
L^ju^j (3E°/5T) tsl Sjlj iaJI (E°) 4^_>j^sj| otifuJI SjjJi jxiu 
(jl Ijf AS° 4 AG° 4 AH° 4, Ajfl J_>jI /cjlJjJ * \ « x 

: <y» 

Hg 2 Cl 2(S) + H 2 (1 atm) = 2Hg + 2H* (a = 1) 2<X (a = 1) 

uji 

X cSjk»,j li^J jjj 

AG° = - n F E° 


= - 2 x 96500 x 0.2676 


= -51.65 kj 

33!>Ia3I s ja J) jJijl . AH° <L»jS <■ > . j.«1 L>j 


AH° = - nf 


E° -T 


aE° 

dT 


AH 0 =- 2 X 96500 [0.2676 + 298 x 3.19 x 10" 1 ] 

= - 69,993 kj/°K 

: o5UJI slfj AS 0 (jli Jl^ 15 I 

' dE ° ' 


AS 0 = - nf 


dT 


= 2 x 96500 (-3.19 x lO" 1 ] 
= 61.567 kj mole 


- 556 - 



: J^lij — A 

-Zn / Zn 2+ / Fe 3+ II Fe 2+ / Pt + 


X lC 


Jlc cjlJjj ^ ,«r <_jijJ I e.tn^J (e.m.f) <u<j|jJI SjiUl jl o»lc fjj 

. °^o • jJlc cuJ y ^ , o o Sjill oul5 |j]j j>°Y o 

. AS 0 « AG° « AH 0 «> J* 3^5 v 


Zn + 2Fe' 


.3+ 


UJ! 

4 v t l> . l | OjLf) j»U)l JftUjJI 
-> Zn 2+ + 2 Fe 2+ 


o j_a (j_» AG° 3 j_>JI J-JUaJI *jjl j » 1 JljjJl ljL> jjt*j 


4 Lx*uJI 


AG° = - nf E° 

AG° = - 2 x 96500 x 1.53 =-295.3 kj /mole 


AH° ji AS° 5jij>Ji i>jjj t>ol>J! (J^UIi oyu ujl>o ^m<Ju 


. 3jlj>JI ji«3 £* (jljiiy'i AS° jl AH° yl (jhjiij liii L *Sj 


^dE° A 


5T 




7 p 


aE° 

dT 


= (1.55 - 1.53)/ (50-25) = 8.0 x KT 4 volt/K 

» 

o*iyd\j j 


AS 0 = - 


f dG° ^ 
dl 


- n F 


r dE ° N 
5T 


= 2 x 96500 x 8.0 xlC 4 = 0.1544 k j / mole 
iljUIl ijtiS Ul5i 4jli AH° 

AS" =_^AG1 
T 

AH 0 =-248 kj /mole 

: jLf>JI \lt^i jl |»ie I jl — Y • 

Pt / Sn +4 / Sn 2+ || Fe +2 | Fe +3 / Pt 
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? diJj JljJI j jjw j J I y Li . Jljill oJy • , Y o j oJji • ,VV La 

UJI 

loft e- 4 ^1 > JI oja (J^Jju k—i^Nj vllljj 

Pt/Fe 3 \Fe 2+ || Sn 4+ , Sn 2+ / Pt 


(JpLj j>°T 0 Ojlj^ UjJ Ju£ oJ_^S • ,VV (jj J5I • , Y A 4 ajS)I £)l 



JaU)I 

lift i,jUJl 

2 [Fe 3+ + e] - 

» 2 [Fe 2+ ] 


Sn 2+ » 

Sn 4+ + 2e 


2 Fe 3+ + Sn 2+ - 

> Fe 2+ + Sn 4+ 



i_> J—O J-oL> OoLJI jl^ll j&Sji <— » J-& J-aU _jA C-utj (jLs <jlcj 


K 



: LS 4lelAiil ji$j> 


Fe +2 

2 

X 

Sn* 4 

Fe +3 

2 

X 

Sn +2 


5JjUII Lj 


2.303RT 

nF 


log K 


0 . 77 - Q. 16 , 2103x8.314x298.15 
2x96500 


log K. 


K = 9.139 x 10 20 


'.^4 U in* - \ \ 

IjJ . ft® <— *jJ JuLe E 3 <4^J — T 4 fliJI 4 jl .>> l lj ujUaiSf (j* J5 J^liJ — ^ 

■LUJI oja J^UoJ AH owls’ IjJ - r ; oJy *,5Yi (jjLw e.m.f 1*^5 |Ja 
. p°r« (E) 4-ijj i- >.<■ > ! . Jjjfc iJ MV — _JA 4j3"5l 
Pt / H 2 (atm) , NaOH j| (m) HgO (s) | Hg 

UJI 
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‘/ 2 H 2 + 0H“ (m) >u 2 0 + e 

*/ 2 HgO + e~ + »/ 2 H 2 0 > l/ 2 Hg + OH" (m) 

(ji i 1*5 : plaJI J^UaJI yjjJjlull ^*Xij 

*/ 2 HgO + »/ 2 H 2 = ‘/ 2 Hg + '/ 2 H 2 0 

yli i/lfj i!L> ^ <^La J l oja jIjj ,jl Jslv^UI {y>j 

E° =E = 0.924 volt 

. J_^> uJ N i V — = AH q\ 

. TAS = AH - AG = AH - (- n F E) 

= - 147 + ( 1 x 96500 x 0.924) / 1000 

TAS =- 57.834 kj. 

c * 7 A 

AS = Z__5£l = _ o. 1 9397 k joule 
298.15 

33}LJI OJA pJAUUaJ Leu I (.Vo LvjJ jie AG° i_>Lu>Jj 

AG = AH - TAS 

= - 147-(-0.19397x 308.15) 

= - 87.228 kj. 

33}UJI OJA pj*.!,..' °ro jic (E) yL>l dU jSj 

AG =-nFE 

- 87.228 x 103 = - 1 x 96500 x E 
E = 0.9039 volt. 
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JoL>'j5l<ia-»l^j £313 jj\ i£*i ^1 jj_ji£iJl jle <>« c^UI j>JI j.ip > ; i..i>I — Y Y 

. jiliJ « ojlL jijul ^ *,• <jjut jl^j jtf*J •*!* - (NaCl) jj 4 ~al 
L>JI 

SJjUil o oa ^laJkoL>L ; Mji 

A mper x time = coulombs 


10x5 min x 60 = 3000 coulombs 


3000 coulombs 

96. 500 coulombs / faradays 


= 0.0310 faraday 


O. l .Vj.1 JLoJlII JpliJ jli 

2Cl~ > C\i + 2e" 

jLi JLllLj . tibljLi (Y) JLlJL >— x— lJL l ) J yt jl>Ij ^j£lJ JlsJLj 

: £113 ^bljli • . *TY • 

0.03 1 1 faraday x — °^ e = 0.056 mole of Cl 2 

2 Faraday 

0.0156 mole x = 1 . 1 1 gm of Cl 2 

lmole of Cl 2 


: ij3*5ll * jl >JI ^1 .' >•!. ,.L> — ^Y“ 

© Zn | Zn SO4 : Salt bridge : Cu SO4 1 Cu © 

j> Y 9 JuP >- i ..i. •> ! — Y i jj| i_sLcul CjMcLsj i_juS1 — ^ 

JyH\ — 5j_^l — Jplij 

Zn > Zn ++ + 2e“ ; E°= 0.7618 V 

— (Jax^il) XjJjkJI ,JpLi3 

Cu ++ + 2e" > Cu ; E° = 0.337 V 

UiJI JpUUj 

Zn + Cu ++ Zn ++ + Cu 
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4 ,tl . >dl ^jiSUl >$>JI JU)Lj 

E° = 0.7618 + 0.337= 1.0988 Volt 

: JLill j>JJl (jlp L#j ^yJI ^ i 

Zn + Pb ++ Sn ++ + Pb 

SjumS’I — ( j,«..<i 1 1) ol+Jl uuu 

Sn > Zn ++ + 2e~ 

Jlji>J < | i U g — j_jSlSLSI — (jajifl l) 4^L»JI i_«~gu J^liJ 
Pb ++ + 2e" > Pb 

y> ^-*^1 J5LJJI (^Li <^lcj 
Sn | Sn ++ i I Pb ++ | Pb 

4-iUaJI ( jJ j. j — « j ]| |>J i—jllaSSl .lie dll j5j vLaJI *._i— > > | — ^ 0 

Bj_aJI ] : dLJjJ .1 nil Jj.l >.11 (j_J 4 l i. wljSJl |> ij2.ll jili>u_wL Jjj'il 4 _jL>JJ Bj^JI 

.[ 4*^)1 UIjJI 

Pt | Ti + (a = 1) . Ti +++ ( a= ,) II Cr (1 =i)|H g ; | Hg 

oju-fcfSl 4 ^i1a£ — — ( q » ual )) vliJl t_ g . o j 

Ti + > Ti +++ + 2e” ; E°=- 1.25 V 

Jl)3>l - (JjJliil) Lj*il X*j 

H g ; + + 2e" > 2Hg ; E° - + 0.267 V 

^1531 Ld>JI J*li3 lj] 

Ti + + HgJ ^ — fc Ti +++ +2Hg 

y> (_ylS3l >» H oj^rij 
E° = - 1.25 + 0.267 = -0.983 V 

5i>UI ijj S jj>JI <3UJI oL> 
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AG = - n F E° = (-2) (96.50) ( - 0.983) 
= 189.719 j. 


JJjLm . (Ag / Ag*) 4 (Zn/Zn ++ ) iJjJ! - n 

v LkiSU u+*JI ji jxb |j| . jai JpU 3)I U»JI oUii 

. Ag / Ag + = - 0.799 v , Zn / Zn ++ = 0.763 v 

(jLi 4. x i,lpj 4_ .Ail I <wj Ja3 XfJ>- £>4 ijuLfcoj jl5| villjJI v. )l r >. 4 X$_> yl 1»>-5UI y4 

. 43^>U ijx OX—SMf 4 7 J .fcfr 4jul> (2)4 --.uaj (jjUll 

J 4 U) Zn > Zn ++ + 2e ojl-S'JI 


(ju-5^* JjU) Ag* + e 


Ag 


Jli 


U J 
-’i >1 


4..»I >.U ^ylSJI (_^cLijJI UJ&JJ 4.. AS1I 4ju-ulHj (X) ^j3 1_J J~XXJ iJjUil JjtxjJj 

Zn + 2 e~ + 2 Ag + > Zn* + + 2Ag + 2e _ 

(_)rfL>o — (j^4»jL>- Lfjlksl 4jl> (2)4 (Jl>>ju I 4 J 4 P SjjJI 43 UJI jjjljJI i_ju*oj — \ V 

: (JpUjIL U j *Z — 4 (2)4«ojL*JI (2>4 ^5j^> 


Zn + Cu 


Cu + Zn ++ (E= 1.1067v) 


JWI 


AG =-nFE = -2x 96500x 1.107 

= -213.651 kj /mole 
213.651 


4.2 


- = - 50.869 k. cal/mole 


: y> LfipUj ^yill 4^1>JI ^-»jl — \A 

s^ji 4jikJi f) Zz Cu + 54 ci 2 ( g as) 54 Cu ++ + ci; =1 

UJI 


ox- 5 l 4^1 Zz Cu > !4Cu ++ + 


E° = - 0.337 V 
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sju-S'I ijl«g 
Jljii-I 4,JLfcC 


14 Cl 2 + e" > cr E° = 1 .360 

: jj£u JSLiJ! Ijjt o^-elilJf cai5 IjJ 

Cu / Cu ( + a + =1) : : Cl” =1 | Cl 2 ( g )/Pt = 1 atm 

US}\ E° cjjSji 

E° = 0.337+ 1.360= 1.023 v 

4,u»Ij 5JI DjJfcJl iilkll 

AG° =-nFE°=-lx 96500 x 1 .023 
= - 9819.5 j 

: ylS^ |j| — \ ^ 

Cd/Cd-i i i I*=i / 1 2 / Pt 

J^Uj t_u£! — \ 

4&J1 J*UUI - Y 

4^1,>»ll ^yiSJl — r 

5^1 iiUsJI Ij^lj - i 

UJI 


(anode) Cd — 

— ► Cd ++ + 2e“ 

E° = 0.403 V 

(Cathod) l 2 ( S ) + 2e > 21 

E° = 0.535 V 

Cd + I 2 ' 

* =a=te Cd ++ + 21 , 

E° = 0.938 V 


(a — 1)1 ~ ^*V o il* oul5 IjJ : 

5JUJI J 3*i>Jl Ijj 

oj ji y>) ,_J— = <al3JI (jli *alP) 

; JUJI yljj'ill liuli >.„ | — Y • 
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MnO' +5Fe +4 + 8H + =5 — b Mn ++ + 5 Fe ++ + 5H 2 0 

: JliUS j»i^ <_jLoII J^Uil <u«ilb 

5Fe +++ + 5e“ > 5 Fe +4 E° = 0.771 volt 

MnO ‘ + 8tT + 5e" » Mn ++ + 4H 2 0 E° = 1.5 1 volt 

: fjL LtS cjuli jL>^| wDjy 

R T 

AE° = (Ec - E° ) = — In K eq 

nF 

U^yuiuj 

„ ,, 8.314x298 _ _ 

= (1.51 -0.771) = x 2.303 log K eq 

5x96.500 q 

logK eq =62.4915 
.-.Keq = 3.1015 xio 62 

: Ajy'jl (>« — t L 

Pt|H 2 : HCl (a =i) : AgCl | Ag 
oJLS Ijj AS 0 i AH 0 c AG° Sj_>Jt SUJI i^S 

yi Ijj . ^°Y# I_>jj j_ie tZjJji • . T Y Y t y* -ulaJJ 4jj|jJI 5_jSJI 

. 5->jj / ' > ' * • *\ i * - (i jlj^Jl ,_LUll 

U5I 

y> uiLcut JftUl 

AgCl + e~ >Ag 4 + CF (Right electrode) 

l / 2 h 2 ^ w H 4 + e~ (Lift electrode) 
> S? ISJ1 U>Ji J*Ui Ijj 

AgCl + */ 2 H 2 H 4 + Ag + + cr 

AG° = - n F E° = (-1) (96.50) ( - 0.2224) 

= - 21.460 kj. 
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£E ; 


= (l)x 96500 x- (0.000645 


AS 



= - 62.24 j / deg = - 0.06224 kj/deg 

uj&j 

AH 0 = AG° + TAS° 

AH° = -21.460 + 298 x- 62.24 x 10" 3 

AH° =- 40.007 kj. 
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ajjU JjL ^ 


( j _< £ *,\ 6j±£y yj J^liKa J 4 jl »- iajli * Oul £ Ijl — \ 

vsH^Ji tP* pi r-YYA* c ^i r*VAY u* ^ *,\ U^s i-iii c^ijU 

y> jj&j ill y-LJ |>jj-.LJjjJI J*»9jill <jtf IjJj • f Y* 3^*jJ 

1 5^13-J I ouU (^» > -i.4 > j . Sjlj>JI (jj i>-jjJI jJl* ' pjl < ,* YYA'Y 

. «-UJ JUa| . ^-aill ojljjuJ (_5j“ijl! tJ^-o^ill 

UJI 

(jjJLSJI y4 

^ 1 

r = p x , --f 

A 4 4...J.I jJI J j— 1> = ^ 4 <i.,;c^jJI <i_ijllll — p 4 5_»jlill — (r) (ji 4 _ » -j.» 

|jj 4,il»J! 4iuU — |i 4 <j£yM Jj ~ 0jill — k cS-^-Ldl 


307.62 = 


1 


0.01286 


x C 


C =3.9559 cm" 1 y> IJiJI viut) .*. 

i_5^jJI oj_A £)_* 4 .Ail I olj3j A (Jj^ljll Jj^o^ill jl>v>^Jj 

oljlDI <1L> i556JI yi . 4^1>J I ouO jLuP*il ^ oi-'il 

362.65 = -x 3.9559 
k 

k =0.010908 J^yi\ 

155 UJI (jjj 

A =10 3 k/C 

4.Aill ot^juJ — C (jL Ulfi UjUll ijJxjyd\j 
103x0.010908 


A = 


0.1 


= 109.08 ohm 1 cm 2 mole 1 
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p*— j —ijjfi j— « t»L^ IjJ — Y 

fjj H £)j_^U (j jjpl • 0.2 M HC! t ' ^jl* , ‘fAY 

. Jljill ijl* VY i V( U Ci , K pS pi fkLc 


yjjUJI p* 


k-S, 


CiX 

1000 


I jifij 

0.0382 x 1000 = 0.1 x 74 + 0.3 x 76 + 0.2 x X H + 

X H + = 40 


j- 1* pi Y * • p» S^y ' >Y JjL>v» 1 -#j <4->- - r 

‘ • X OjxJi y p_» Jjl>v* Ljyj j»°Y ® 5jl_^> 3 j>jJ 

u^-aJ .> -■ e p j ..— Lj^jJ 1 <_ 1 JLaj'il o,i>_>j IjLi . j>jl o \ * 4jL«jliu 

o-* c>i ' p- - ' pi '>' ' yvv ( _j-* jji—Ji 

(lM '—»—*->■! . wyjj3— !l \^A ‘ vr,t L*A pip* "ill 

. JjLJI J ^l->.») JL>jJ! L»jp t<jl>JI ouO 


S3}U)I ^laiklwL 

p = k x p 

^^yuKjj 4^L»JI outf — (I i j.jPjjJ! — k i <. (p) i±ju. » 

p = 0.0277 x250 = 0.692 cm -1 

xajLJI ol>JI ^tiiJ [k] jL>j] Cy*J 

, 0.692 

10 5 

«3j»ltJI jLyo^f iljUil Ijt 
A app = 1000 k/ C 
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A. = 1000 . x0 - . 6 ? . 2 = 1 15.340 ohm -1 cm 2 mole -1 
6 xl 0 -5 xl 0 +5 

(ex.) j.j^J .i. Ki' , 1 1 ^ u - i I X u a il Uj 

A 115.34 


a = - 


= 0.42498 


73.4 + 198 271.4 

^3 (jL; L*1 p ' ,\ ejj-Sjj <_>A — »aJ jJI ijjllll +»ai a»-ji 

(jij P«*A CjLJjjjjjJI fiVA yj— ale 

. ^°t fl 5jf y>- o-jj ale \* x S,rt ooa>JJ wKi~i.1l Ouli 
L>JI 


— (j_yliILi yAoll wl5d~,l I C-ulj 


k = 


a 2 C 
1 -a 


|jj k = a 2 C Jl ii%J! jl_fluL»| y5L*j |jl>- (a) yi 1 *jj 

2 , , 1.34 xlO -5 , > 

a 2 = k / c = — =1.34 x 10 


0.1 


a = 0.01157 


4_u-Ju Ljj 


A 0 (C 2 H 5 CO 2 H) = W V* C 2 H 5 CO" 

= 349.8 + 35.8 = 385.6 ohm -1 cm 2 mol -1 

ale o* jt** Ao ^ 

y^UJI ,>j 

A = — or A = a A 0 
A 0 

A = 385.6 x 0.01157 = 4.47 ohm -1 cm 2 mole -1 

: ill'll |»lj v. ~ Li LajL>^{ ySu^ 4^PjJJf Sjjlill jli <^1 pj 

1 

P=7 
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jljj'il cjuU (k) jl>o| : ^ijl 

A = 1000 xk/C 

k = 4.47 x 0. 1 / 1000 = 0.000447 ohnf 1 cm 2 mole " 1 




P 1/R ^0.000447 


= 2237.136 


(•>_» ui-> (jjJ (>• jljtftl <..«■■» > 1 — o 

Cjyi'i >— i_*uJI t-oJaSif J j_L>u £>1 4ul»- ^ 

Juu ^lj-> • , J— Jj 3 OjJ i> sWV t5j!>o 

., 4..AiJ I (jj • ,T a • A p J5 <j) Ulc . ( J = >L>a)l 4j1aP 

UJf 


jw—jlll ojLI! 4 ,j tS £» 4^I> jl^jill i_xm>Luj . tjbljli ^Jli) UJa 

. j_^i £J uu Lllj Leu! 4aicj <Uiill ^ 

35.5 


0.2508 x 


107.9 


= 0.08251 gm 


Jju fji oaiUlj 

( J^L*dl Jj 0.177 ) - ( 0.163 o«j) = 0.014 gm 
j_ji 5 LIf yeiJI jlji* 


t = 


u* y* jLiJi i+tS 

0.014 


= (t-) yli <A*j 


= 0.17 


0.08252 

(j^'i 4 j~oJUj 

t + + t" =1 .*. t + = 1-0.17 = 0.83 


IjouJ y _4 k_)Ua9l Cuixuil j3j t R 11 SO 4 (jJ j^f_y *,\ j£y Jji>u LfJ 4 ui»- — "\ 
J_5 jL ^jll jljjl Jjw 4 ^1 . > JJ 4i>jll ^ JjiavJI y! Ju>j j3> . jJuJI 

^>$1 jIap! jljJU > ■>..*>! ^4 . 4 jJ.Vll J^Lj uu^I . ooii l» I^iiuaj 

. Ru = 44 j*e uaDj ( SO 4 = 96 oU^ji£ 1 ] u4 L4s • Ru 2 
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UH 

(^ld 1*5 v—cfcjll) i_)LL5Sl JjsUj : 'Jjl 

Ru = Ru 2+ + 2e“ 

I a . j5a.ll jljia |i until i_Jn.nl I IjJjuj jljjl Ji >..«,! I jf Lxjj 

*-£^j . (Y L^JI) jIjIaIIj 

44 y 2 

— — =t ; (t~ + 1 + ) = (96 + 44) = 140 
140 

/. tf (140) = 88 
T = 0.628 

t + t = 1 <jl ±Lx£>j 

t + = (l - t~) = 1 - .0628 = 0.37 

ouL5 IjJj tijLitf o . Y^*« pji ST,o y> JjLkJ yi jJLp |jj — y 

jljwJu iwj— k>-I . *,t® ( J * > . H ji-ici jL5j 7.^ Y ^JLll I is .‘.15a~ <Lu*j 

. L_JLJIj fjjyt I (>* J5J JUjj'il 

bOl 

JUU5 ^ (.Sj'ijll Jj-ojjJI 

A = aFu+ + aFu- 

i-j— >jll *_5jj>- u_, U+ i libljUJI — F > ,il5<~ll — (cl) 

. JlyJI ^ vJUIj 

i ,i. > jll j^>5U Jj-ojll I ajjil a.i,,.ill_ij 

X+ = t + x A 

= 0.45 x 83.5 = 37.575 ohm -1 cm 2 mol -1 

l_JLJI j^jMI 4ju*uJ b 

X + = t + X A = 0.55 X S3.5 = 45.925 
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oUbUJl ej» Jlijj'il <U jLa^I jJLej 

A.+ = u + a F , L = u‘/aF 

li! 

A* = 37.575 / 0.92 x 96500 = 4.232 x 10 -4 volt -1 cm 2 s -1 
= 45.925 / 0.92 x 96500 = 5. 17 x 10~* volt -1 cm 2 s -1 


^ ji~u\ a>lj Oai jtjj jjji . £ M ®>£jj - A 

(jl p_Le |j| 4— n — >jll LU>I . j»— x <A> 

. ’jkM. ' j>ji Va 4 i • Jljil ^ j^JI £j>ij ,> J£J 

i>JI 


Sj^oll oja 6jl>^| <j5L«^ i^>U J£J J>-lj 

— - — = 1.036 x 10 -5 equiv. Sec -1 . 

96500 M 

j.^fVUI £)Jj\ Sjui jl-liu |jj 

40 / ! 15 X 1.03 x 10" 5 = 3.6034 x 10 -6 eq.sec -1 . 

^Aj 3 JjU 1I (jj ol^Sl < i—jLil j -J j 
. i>L4l x |W x oU^jSl Sjui 


jl^ull 5j-i 


JjvLaII x jlull (^U5 l4 


= oUj^Sl 5>Pj 


3 58 xlCT 

speed of current = — — — ; — -=1.8 x 10 -2 cm sec -1 


0.1 xlO -3 x2 
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7 


yU&JI 


: 4fjjj| : J£| yUI-1 

L-fJ SjjJI <ji JI ooi jJlixJt t o* Hjj 1*4 ijji* 

' * 4 (— ) < > .* i l l tuf ll <<« it! i ij^iJ y 

m 

otpL^^I t (3jjJI cJ L i»hl l i _jjjL>jii jjp 4 ojU5L«ilj jiltull 4 iilLII <jjji£J^II 
4-<L»4> 4 4 Sjj I Jt^o 4 4,4^1i lw<j^i[)l ji 

4 j-*y 4 4 j l *>l l — Sfifl i5LL» 4 Lfjj (J5" <3lL>j iiicSl jkS 

(•** ijJ4 4 4 J>Jlj ti-» ‘ J»y 4-i>>* 

jjlp 4 4_v^ll HJjLim o ll ^Jx ? 4 3 JjL*j 4 Ijfcjll i!|j 4 jftill 

Jliil 4 Jjrtll p£Jl JJP 4 p£JI JJP 4 (J_ylUI jl£JI JJP 4 

4 cjljjJLl ^jjxSjyi i^jjSjXJl 4 tibL_)Sl 3Jll» 4 JjbJ »lUjLi > il fax* 4 

• J** b^ i/JU 3 ^? 1 

xf—>- If L »lg j jjjJl J_«lyOI 4 ,>f ■> ; kiujL>JI i5 jjjJ! 

(jtL&U 4 (jjLxJJ JfjJLJl 4 Jfll 4 ^tuljuJl OeUJI jLf»- 4 (j^lill 

. i&jjSJI ( jl 5 s» l 1 i.« 

4 ( ^jj I | > il J»bJI 4 jiKlll 4^_)jJI 4^tuJI 4 JjlilJt oUj^aSDI 4 b[jji\ 

4 JpLjJI 4 H-^jySl obSJJJ SjUJI 4i)ljLoJI 4 .LbJI oijSj JjI_jP 

4 hill ^aaImuJI i>bjjl 4 ^jJkl-aJI jixlJuJI ibjl 4 i»bjl <jij £ J 

tj^JU I jb 4 jlLi^l iJLxfl 4 AfSuuiJI jJlkJI 4 V-^ 4iiLy£ijj 4 JabJI 

• 4ijUI oy5jiJI ^1p 4. 1 1.. » I 4 iJJLu 4 ^ (>p 

85 ywi : tf-Ull yUl - 2 

j-£j* ji J5L»lJI j-£j* <• obj^I ‘ JjbjJI 4 i^jjiui 

, jj.lil.rt 11 j(Jl>JI ^jip 4 Jju<! , (J ^JlII 4-j^fT y 00*2 4 jlSjj^ll 
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95 | : JiMl:^U|yU|-3 

ti. «.A!I 4 (JjLioJl JxJLall 4 JjLioJI t-ii.nll 4 4_ 1 ul t iJ_uJI dl 4-oJl 4 Lijii 

(^Li t ,*11 «uj-u t il 4^0 L>- c j3jSJI ( iS^UJIj (jLjLill ^$jl>oJl 

4 JsyiJuJI ii^jL 4 4jy^l» 4 j 4 ^_eL>. ; lJ j>vLuJI jjjiJI 

4 OjIj>JIj jjJJI 4J}l£ i 5->j^UI y-l^i 4 Jil^juJI 4->jjJ 4 j^SjlaJI dli^jjal 

jlf> i <yl jL#-> ‘ jL-£j^l JjI«j t jL-ij'i) y-lrfi 4 i>j^l)l 

LLiJI 4 t_5 jL«JI j^_3 4 j.,.A 1I i (j_^£uJlj jL-ifuSl JjLkj (^l_j 4_S^Ia)I 4 
Jj_*JI OuLj 4 ijLijJI 4_5}l£ 4 JsL-iuJI QjLjiS 

jLioJI 4 <i^L 4 V_)U>3^U pjJI jl»^| i ^jjJI 4 dUai'Jl 4 ( ^jj^£JI 

4jyjk)l 0 j_tt ploaCLw] 4 4_^j.n«ll dLuSJll tj£ JJl*uJI 4 jLt£j^ll *i^Jo 4 OjIjJkJL 
. (Jil_j-JI 4_>L Lf Ic 4 1*. ^ I 4 dll^»JI ilSUI dLSjll ^ l >.^ >..'? JjL>o] 


135 


: idjUJI 4 JUII : &ljJI uUI - 4 


^.„>-.>Jl (jjjLS 4 jUJI dull 4 dljliD pi*! I jjyLill 4 Jjli (j _ylj 4 J^jj 

(jjiU 4 4_,>.* ^ j->J I Jt^J hi J ) 4 dljlil! pUJI dull) I 4_i^J jLfcjjl 4 dull) I 

y,ulji jlixil 4 dljliD 4^5j>JI 4 dljliD <iS_y > Jl 4^kjjl 4 jLiuj^U pl*l y>- 

4 j_>Jf j_JI Ja_u_jjU 4 JL Zu MI 4^^1-L^JI liUaJI 4 4ji^jjjJI dllCj-J I 4 Jill) jliJt 
(jji4 4 Jlijjjli SJjl** 4 J 11*1 1 jU3l L)jl-< <>e j_j**JI 4 dl«ju*a)l j a* 4 |»jLfl.>l I jJLi 

4 4_*J I dll L I I >■ 1 1 1 4 U L ‘, ..>jjJ^ i jl L)jl .« 4 — o j ^t> 4 Jl IjjJli 4_*>^Lo 

4 O *SSL *j^Jo 4 dljUJI 5JL.I 4 O-jJkJI duf^UI (j^ui) 4 u llt«II 4jj>uJI 4 oU^jJalll 

. dljUJI 4 _iL 4 1*.. 1 1 4 J_jl5 *A4jb 


179 


: ^4UU : mUJI - 5 


4 4_Jll^ll JJl_> Jl 4 JJI^JI J JlljuJI JJL>J 4 jlc j jlclajJl^ 4 <J jiu 
J y-t£ 4 Ja^H- >il 4 J^)l > .1 1 SjJKp j jbll ll <^£u 4 <j2^L»Jl JJL>uJI 

4 ^IjjLt'ji 4 .*j\A JJIjJI 4 Jll_j«i 4 jLuJ I 4jjjKl!l J y*£ 4 4ljj»u)l 
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4_i.»» >>..*11 y^uLaiJI t Bjl y» i Llj'il tii<l,i.i.>.'i.« c (Jilj-JI j <■_ tLaJt J,JLk* 

Ja_i-cJI j 4 ^yoLiio'il jLj^l 4 (JjLioJI JaJLeJI j 4 <LiU->JI JjJl. >>,«!) 

i pUl A ll *— a Tj’ i j t (jl— fL » . l l i>jJ £l«j>jl ‘ (jjlioJI 

4 U<» j (j_4 Ojj-JI 1 — <Lfc^ 4 J^L>wJJ Jlh>j 3I <Luu j I 

4 J&£ 4 ^!yj>JI (jljj'il 4 l ^Lt g jLtb»Oj| *->jJ j 4 jaij jl»^l 4 

^jL-all J*!L»uJI 4 ij_*JI 4 I Ik] I jjj i JajLeJl 4 .ibu/li) <i.si j->b jl yt 

. k_>lj ^jl* 4. 1 . ' 4 . 1 1 4 i_i y» ouli 4^jisu 4 ti«. All 4 jjjjJI 


231 


4 LS^li^Jl 4i>L^tj 4 4_^jlj>JI LS^ul^jJI oLjJLuajJJ li/Lijjjjo 4 4-.jjjj 

4 <L^jlj^*JI L^uLyji) Jj'il (jjjLiil 4 4iil«^«3 4 

4 Ojlj^JI 1 Cjyj ale jl £ Jjujj (Ja^ ^«cj| 4 l^ul^aJJ Jj'il (jylill 4ol2,ukj 


. 4».JI 4 

249 

: Uj*!\ <L+£1I : **U1I -Ul - 7 

j ^pUI »lj_f3l ^- 3 ^> v'— *** till I 3jb»' J>y Jjl_yJI 4 4j ji» 

45jIj-»JI J-oUkU y_jjLi 4 oLi^jjw 4 ioI^LlP 


. liijuii^jJtj i^jij^>ji ^<;ii (jg. ^jiii 4ouiui 

263 

: J-Sbll : «>*UII *-lU|-8 


4 JSHjJl 4_ u >S i y l | l 5[,u V— L-! 4 JSljJI OsltiLi 4 £j_yi 4 4jji« 

4 Lf—tfljjlj j&Ul 4_^L> 4 4_^iliL>Jl 4-j.l.»ll 4 4_^j Ij I 4L.J.J I 4 JfljJI 
4 ‘—iyat-'i ol»5Lb 4 <-^.A»ll oK^LJaJI 4 4 jj 15^)1 jjisJI li/IjiiJJ 4^JUl>JI { _y>\y>i\ 

4 . «-ULI_j «■ I <u^$3j 4 j jti 4i^i> 4 olOU» 

. JSU1I 4juu»l 4 |.L>JJI 42^t 4 oLi 1 m . > JI JS’liJI 4 J5UII JliLil 
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285 


: 4*4)£8JI jSJI : gMitiJI uUI - 9 


I ‘ L Jj' •* ■ '' ! 4 I J j^ JI ‘ -uja* 

J-i-ojjJI 4 4 J-*l>uU (jljljLi 4 oLjy^*SLI 

J_IlC Ai J y>J ^yjJI oDULijJI <Jjiy4 4 Jl 0— > 4 4_^jlii>JI A ,jl»J) l ^C^iJI 

jjjL5 c ( j_Lc ^jiJl j^_jb ( < jlvll ouU ( ,^,1^5 4 

jl>^l c iJLdJ'il oLkIjS oltj-Jn.* 4 olSj^aJI 4 di L uL.~j 

S ij-v-^JI 4 J-i-ojjJI S_yL*il 4 dLSju)l <L_>j j 4 

(_)-iL^ 9 4 <jSjJ-ail Jj A > » H 4 OjjItJ-* 4 J_»-»JI jlacf 4 

t O j^kJI iitUlj tjfj+S iJI Cm 4 <*-ilJLll Cjy^ij 4 i,u^5JI i*iljJI 

4 (j 1 ■ii^Jj-^^1 4 *— jJaJLil Ji^.> 4 ujJaftL) i j ,‘ j [) *> 1 1 4 j«j|jJI SjSJI 

4 jjSjjJI 4 ji liu jl*^( 4 4-aLaII xfj> ojUjutu 4 J,u_yL£JI 

j , i ... A> \ 'i 4 3_*tull J^JUkJI 4 4 bj^LmII 

^-(Sl ‘ ol^ju»aj 4 <*bJl SJj^ll 4 SJj^lt 4pjajil 

j^JU 4_lx»l 4 *LJI JI (>> «U>''il iiLil 4 >1) jj-iil jjJ13 4 J_jL>jJ 

4 JjSJil (j_j— jrfil3 ^yie <Jiil 4 »UI JI Jjp|_j2jlj iiLol 4 dljIAll 

, ^Le <ljutfl 4 yx*. jJI iljL>%t 41.1 

363 :>iUJlHUI- 10 

AjlIjJI iljlw 4 ixi jJI 4 JjjJI J^jju 4 4 J^UjJI JjjU 4 Jjjll 

4 4_ULUl <_ujJI JcLij 4 A-juJI ^yJUi <UjL«u 4 jyif ipjl ,Jsli3 ^jLe ili*l 4 Jj^ll 
. 4^lSij>JI »l 1 i» l i‘>,ll ^yL 0 41^1 4 hj.t ilill 15 It 4 J#U2JI Jjju Sjl^JI S->jj jjilj 

387 : jaMI : >*t ^laJI «>tUI - 1 1 

*L«JI 4 (jA «i»llj bapLaJI Cm-! 4 SocUJI 4 yjl j^jJI p^Ju 

y_e 3_>jU ^-*1 4 ^-lll J ' >* 4 yi^Jjiljj! 4 4 (jLuJlj (JjlSJ 
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i_S}UJI k (Kw, Kh , Kb) yjj 15^L*JI i i (_ 5 ^i 

4 . <■ «-> Lf! jI <. (jjjl yL> t Jl*oJl cjjU ^>jU 

ouLi 4_s^l*jf i (Kh, Kw, Ka) C>H 4j^-*JI 4 4^_yiJ! bjaUJIj 4i._m.All 4 jAa>JI 
SacLaJI 4 ij». A J_L*J 4 ji-^y <— >1 ..»>• 4 J_L»uJI L>jjj ,Ji>jJl 

Qti «>JI 4_^i ^L»} 4 £>J— »_Jj.uSl 'jxSy I— 1 1 ..«>• 4 J J . »j 3 1 OuLi 4 (_>gi.a->J Ij 

4, ,»h.‘ill 4 l^tlg 4 4 jjJp ej_c (j_o J_LkJ]| 4_>-j j (jxuo 4 oj-cliJIj 

. Soclill 4_iU ^ylc <L»lc 4 IV. I 4 I i)i.*' c 3JjL>%aJI aJAa'JIj 

417 : udU +411 Ol^l : >*t <jJUI hM - 1 2 

£fj_ji 4 ^yjLj^rtJI 4 _«.uL> 4 4_1 ..ilS-«J*j| 4^/^UUlJlj 4 4j jjLo 

4 J^LijJI bL>..~^ j-iiy*£ oul_i 4 (jljl'il 4iuli 4 4 j . rt . l l Jjo * <jlj3*5ll 

OuLi ,jjjLZ] j^JJI jlili'il 4 jjjLirtJl (jy^iU < _ J rtla3Ll t jrtJJ jljUut'il 

4 (_ 5 jLiJl <_>*jl-»ail 4 Owls volS^jJau 4 Kp, Kc c>& t yljj'-ll 

4 yi- Q Ij3l 4 JOP j yij £-c jyt 4 (jtjj'if I ^jLe -ki-flJI _yjb 

4^JbjjJI ( jie 4 Bjl^pJI jjjlj 4 (jljJ'il ^yJ-P jjSjjJI yik 4 4ji,uLi^J ijjj 

Ojl U J 4 _iUc 4 Oy_j*rtJI Jj—rti liJU y-i>j 4 (jlj-3^f ( J-Le Ja-i-AjI jj_jb 

. ^yll^jSJI (jljj'il (_yic 4 IV.^ | 4 4lAjli -UjUj 4 (ja>-JjjjuII 
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pl ]gj 4 J_>ljJI (jjrtll 4 — tJjul 4 pLkDI oljj ill jl jj4>oJI 4 j*jJ 4 kiitijjAj 4 4_j 
4 »Ulj £-111 J-jjjrt pUaJ 4 (_y£>L»j Jlj 4 . A j ) ( pUaj 4 (j jl . rt jil viilj 4^JajSl 4 O^jrtJf 

4 <■*»! j^SLlI 4 4 <JaJI 4 o U yjrtj »U pLtj 4 «• LI l_j jjjjrt pita 

. k-ji-gll BJkClj jie 4 1 * 1 .. I 4 ^jyiJI tjy U 
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: *Ud* 1| : >2tf Mbit hMI - 14 


4 CljljUjjjiJI £(jjt 4 oLjj jy iJI S~ 4 i_p^Sl_> J|^5LJ I 4 

J—al 4 e- l_jj 4^ 2 u 4 Lf^ljjlj jLlcu*il JjL 4 i_cj* < i~II j^Js 4 3_uljjjJ I 

4 J^JLa^jJI osl_j_> 4 Lf_clylj ^L— n»*j| ^ylc CjLL>4mJI 

4- jl a.S 4 (jj_UI 4 4— ,i9ljj| oLuj^iJI 4 4_,ulj^jJi 4_Sjj>JI 4 l^lyij iaj^-aJI 
4oL_^jj_y«JI Ouli 3jb»J! 4 j>jJ jjjlj 4 (Jjjx-f'il iuLtfJI 4 jLiU'il <LjJLa£ 4 
<LulA| 4 4jl>u~JI L-JuSjj 4 oLJ jQLtll ji~o ~> J 4 4_>^L>Cu a i'j|j oUljCutH 

. 4i)LjJjjj*JI 4_»L <LLjj 4 4i»Ljjj^«Jl 


493 jUftll J*UJI : y*t g*»Ull hUI - 15 

<-H»i 4 £)JJI 2 l* «l 4 ^_L>JI £lj_jl 4 jJL»JI JjLfc 

4 jUL»JI JjUJI p »■■•- 4 jliL>JI JjUI Ja«i» i » 4 5 j 2 -> »j I o^leUuJI (_yajt..o.> 4 
ji-Ju 4 ^i>JI 4 jli-»JI JjUJIj ikiiil S 5 LUI 4 jliL»JI 4 ji>JI 

( J_SJ iiLkJI 4 5 jlL»JI 4 SjlcIiJIj * 1. h » »J I 4 <jjhj 

J-ibJI o ojLa> 4 jt>JI 4 LfJLc < 1 jl» ) j j li>J I pijj'Jf 4 1 * ■ « 

. JjLJI ( jLp <llu>i 4 
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